University of Portland

Pilot Scholars
Graduate Theses and Dissertations
2019

A Mixed-Methods Study Exploring Female College Students’
Perceptions of Factors that Influence Retention in Engineering
Majors
Kieran Bennett
University of Portland

Follow this and additional works at: https://pilotscholars.up.edu/etd
Part of the Education Commons

Recommended Citation
Bennett, Kieran, "A Mixed-Methods Study Exploring Female College Students’ Perceptions of Factors that
Influence Retention in Engineering Majors" (2019). Graduate Theses and Dissertations. 65.
https://pilotscholars.up.edu/etd/65

This Doctoral Dissertation is brought to you for free and open access by Pilot Scholars. It has been accepted for
inclusion in Graduate Theses and Dissertations by an authorized administrator of Pilot Scholars. For more
information, please contact library@up.edu.

A Mixed-Methods Study Exploring Female College Students’ Perceptions of Factors
that Influence Retention in Engineering Majors

by
Kieran Bennett

A dissertation submitted in partial fulfillment of
the requirements for the degree of

Doctor of Education
in
Learning and Leading

University of Portland
School of Education
2019

iii

Abstract
This mixed-methods study identified factors and explored experiences that
influenced the retention of women in engineering majors. This research contributes to
the body of knowledge in the field of retention, specifically analyzing pre-college and
college factors associated with Kerby’s conceptual framework that contribute to the
development of critical engineering agency.
A survey was utilized to identify factors influencing the retention of female
engineering majors in relation to male engineering majors. In addition the survey
provided a way to conduct more purposive sampling for the qualitative piece of the
study. Semi-structured interviews elaborated on the survey results and provided indepth insights into the topic through listening to student stories.
The pre-college and college factors and experiences combined to show the
development of critical engineering agency over time and how that development
influences women’s retention in engineering majors. Through the survey and
interviews, the importance of representation and classroom/program climate on the
retention of women in engineering majors is apparent and provides implications for
practices to be implemented by high school and college administrators and faculty.
Keywords: retention, women in engineering, Kerby’s conceptual framework,
critical engineering agency, representation, classroom/program climate
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Chapter 1: Introduction
The world has large-scale problems for professionals in the field of
engineering to solve: the climate crisis, providing clean and accessible water,
cybersecurity issues, decaying infrastructure, and finding alternative energy resources
(Elsevier, 2019; National Academy of Engineering, 2008; Corbett & Hill, 2015).
Although the engineering profession is typically characterized as attracting linear and
methodological thinkers, it is an innately creative and imaginative profession that
requires a variety of life experiences for practitioners to innovatively solve problems
(Wulf, 2002; Walker, n.d.). Although diverse experiences and backgrounds can aid in
engineering innovation, the profession has consistently suffered from a lack of
diversity in its workforce, specifically with low percentages of women and people of
color. As of 2017, white males comprised about one-third of the general population
but hold half the science and engineering jobs (NSF, 2017). The lack of diversity in
the field of engineering reduces the talent and different perspectives needed to solve
the complex problems facing communities across the world.
Background of the Issue
The lack of diversity in the engineering profession is a problem that must be
solved for a variety of reasons ranging from ethical to pragmatic. As Walker (n.d.)
points out, women and people of color experience societal and structural barriers
hindering their access to the profession. Fundamentally, the lack of diversity in
engineering is an ethical issue as there is inequitable access to the profession. The
underrepresentation of women and people of color continues a cycle that locks out
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those groups from jobs that are considered elite and have higher earnings potential
(Fox, Sonnert, & Nikiforova, 2011).
Additionally, Wulf (2002) and Walker (n.d.) discuss how the lack of a diverse
engineering workforce results in missed opportunities for creative and innovative
solutions to problems. A diverse workforce represents a breadth of ideas and creativity
that is missed within a homogenous workforce; the underrepresentation of women and
people of color in engineering professions is a loss of talent that could otherwise help
in creating innovative engineering solutions (Li, Swaminathan, & Tang, 2009). For
example, a homogeneous team of engineers working on a project may not create a
product that adequately addresses the needs of all customers. In the case of airbags, a
team of male engineers created an airbag system that met the physical requirements
for males but not for women and children, which led to deaths of these populations in
accidents (Corbett & Hill, 2015). As demographics change within the United States,
the need for a more diverse engineering workforce will increase as well (Walker, n.d.)
to represent the population and effectively solve the issues facing communities.
The Bureau of Labor Statistics expects that employment in engineering jobs
will grow to 140,000 open positions between 2016 and 2026 (Torpey, 2018). Thus, it
is going to be important for the United States to recruit and retain a strong talent pool
of engineers to fill all of the positions in STEM. This will be difficult if gains in
diversity are not made. Although women represent 47% of all workers in the United
States (DeWolf, 2017), they only represented 15% of the total engineering workforce
in 2015 (National Science Board, 2018). The representation of women within specific
engineering disciplines is much lower in many cases; only 9% of mechanical
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engineers, 10% of electrical engineers, and 26% of computer scientists are female
(National Science Board, 2018; SWE, 2018). Even though women have made
significant strides in many science and engineering professions, engineering remains
the STEM profession with the lowest representation (National Science Board, 2018).
In addition, a pay gap exists between engineers where males earn 9% more
than females whose highest degree is a bachelor (National Science Board, 2018). The
gap between women and men in the profession is persistent among all races and
ethnicities, and women of color are the least represented in the engineering profession.
Although Asian men are overrepresented in the engineering profession compared to
their percentage of the overall population, Asian women only comprise 4% of the
engineering profession. Although black and Hispanic men are underrepresented in the
profession, black and Hispanic women comprise even smaller percentages. For
example, black men comprise 4% of the engineering workforce while black women
represent 1% of the engineering workforce (Corbett & Hill, 2015).
Problem Statement
The demographics of the engineering workforce do not match those of the
United States. The lack of diversity within the profession results in loss of talent that
could provide innovative solutions to engineering problems. Women do not pursue
engineering majors at as high a rate as their male peers. Despite women completing
bachelor degrees at a higher percentage than men, they are underrepresented in
engineering majors (Yoder, 2017) and complete those degrees at a lower rate than
their male peers. This results in an underrepresentation of women in the engineering
professions, reducing diversity of ideas that could provide innovation to problem
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solving in engineering professions. To stay competitive in a technologically advanced
world and promote equitable opportunities, the issue of retention of women in
engineering majors needs even further exploration.
Purpose Statement
The purpose of this mixed-methods research study was to identify factors and
explore experiences that influence the retention of women in engineering majors. The
participants’ high school and college experiences were explored in relation the
development of their engineering identities. The research questions, as well as the
conceptual and theoretical frameworks, were developed based on previous literature.
As the underrepresentation of women in engineering persists, a variety of
research has been completed to understand this topic. After providing an overview of
previous research completed around this topic, White and Massiha (2016), provided
several research questions to further investigate the retention of women in engineering
majors. Among these questions was “How do their experiences affect their choices to
depart or stay in STEM?” (White & Massiha, 2016, p. 5). This research question was
adapted and utilized in this mixed-methods study.
Research Questions
1.

What factors do women in engineering majors identify as influencing their
retention?

2. In telling their stories, how do women’s experiences affect their decisions to
stay in or leave engineering majors?
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Significance of the Study
This research contributes to the knowledge of retention of women in
engineering majors by exploring how specific factors and experiences influence their
decisions to stay in or leave the major. This exploration was completed by identifying
factors that influenced retention and by listening to participant stories and how their
lived experiences influenced their decisions to remain in or leave an engineering
major. The most significant contribution of this study is how influential student stories
are to understanding why women in engineering stay in or leave engineering majors.
The interview participants were purposefully sampled to provide an in-depth student
perspective across the high school and college trajectory.
This research also emphasized how specific factors and experiences negatively
or positively influence the development of critical engineering agency, which results
in students’ decisions to stay in or leave engineering majors. Results from this study
provide college administrators, especially those in schools of engineering, guidance on
how to formulate support programming to retain women in engineering majors, which
will increase degree completion and the diversity of the engineering profession.
Summary
The underrepresentation of women in the profession of engineering continues
despite calls to reduce the gap. Over the years, increasing efforts have been made to
reduce the gender gap in the engineering profession; however, engineering remains
one of the professions with the lowest representation of women. The recruitment and
retention of women in engineering majors play a vital role in increasing representation
of women in the profession.
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This mixed-methods research examined the factors and experiences that
influenced women’s decisions to stay in or leave engineering majors. The second
chapter provides an overview of the literature pertaining to the topic of study, as well
as background information on the conceptual and theoretical frameworks that guided
the design of the study and the analysis of the data (chapter 3). The results of the data
analysis are described in chapter 4. Lastly, chapter 5 provides a discussion of the data
as it relates to previous literature, and connections within the larger conceptual and
theoretical frameworks are made. Additionally, the implications for practitioners and
future research are outlined.
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Chapter 2: Literature Review
The purpose of this chapter is to review the literature related to the topic of
retention and to discuss the conceptual and theoretical frameworks guiding the study.
The history and revision of retention theories are outlined to demonstrate that one
framework and theory will not fit all student populations, and an integrated model is
appropriate for studying women’s retention in engineering majors. Specifically, the
early sociological theories of retention by Spady (1970), Tinto (1975), and Bean
(1985) are discussed as they serve as the foundation of Kerby’s conceptual framework
(2015), which guided the design of this study. The theoretical framework utilized in
the analysis and discussion of the data, critical engineering agency, is also outlined
(Godwin & Potvin, 2015; Godwin & Potvin, 2017; Godwin, Potvin, Hazari, & Lock,
2016). Literature related to the retention of women in STEM disciplines will be
discussed.
Definition of Retention
Prior to outlining previous research on the topic of retention, it is important to
define retention. The definition has changed over time and changes based upon the
context in which an individual is utilizing the term. Although not universal, a common
definition of retention is the number of students who start in the fall and return to that
same college the next fall (Voigt & Hundrieser, 2008). This definition of retention is
often based upon a student starting and returning within a specific college or
university. Another term often discussed interchangeably or in conjunction with
retention is persistence. The definition of persistence is when a student retains from
term to term and then to completion. These two definitions help to explain retention
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from a fairly narrow perspective; however, retention can be understood differently
depending on context. For example, a college or university may have a program not
designed for a degree but to provide continuing education or preparatory coursework.
A student may be considered someone who retained at that college or university as
they completed their educational goals even though they were not tied to a specific
degree. In essence, retention for one student may differ from another depending on
their individual educational goals (Hagedorn, 2006).
For the purpose of this study, the term retention will be utilized when
discussing women who started as engineering majors and are currently engineering
majors at the university where the study took place. The women considered not
retaining in this study are those who started in an engineering major and have since
switched to a different major outside of the School of Engineering.
Conceptual Framework
The topic of college retention has been studied for decades, and that research
has explained several ways to understand and address retention (Reason, 2009). For
instance, Spady (1970) found that research on retention in that time period did not
include the interaction of academics and social systems. According to Aljohani (2016),
prior to Spady’s contributions, most studies related to retention were based solely on
the attributes of the students rather than the interaction between students and the
organizational structure of the university. Spady asserted that there are two areas of
the university, academic and social, that students interact with that comprise reasons
for retention. It was Spady’s (1970, 1971) work that really introduced the concept that
students and institutions are responsible for retention, not just the backgrounds or
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personal characteristics of the students. The university structure and organization
implement policies and demands that then interact with student dispositions or
attributes (Kerby, 2015).
Tinto’s work elaborated on Spady by suggesting that it is not only the
expectations of the university that affect retention but also how students’ motivations
and expectations interact with other variables (Kerby, 2015). Tinto (1975, 1993)
asserted that college retention efforts should be targeted toward first-year students and
implemented as a campus-wide effort. In addition to concentrating retention efforts
early in a student’s academic career, it is important that colleges create a welcoming
environment where students feel engaged in the campus community. As described by
Aljohani (2016), Tinto’s model of institutional departure (1993) contends that
students’ backgrounds will determine their initial goals; however, those goals will ebb
and flow as they interact with the academic and social aspects of the college. A
student’s level of commitment to retention will be determined after this institutional
interaction.
The retention model of Spady (1970) was influenced by Durkheim’s suicide
theory (as referenced by Kerby, 2015) in that Spady asserted that a student’s departure
from college or a social system could be considered similar to the withdrawal
behaviors of those who commit suicide (Aljohani, 2016; Kerby, 2015). While Tinto
(1975) expanded upon Spady’s work, he did not believe that the connection to suicide
theory was enough to fully explain reasons for student dropout (Kerby, 2015). Rather,
the issue of student dropout had to be viewed through a longitudinal lens where over
time students, with their own backgrounds and motivations, will interact with
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institutions. It is these interactions over time that will lead to a student’s decision to
leave a school. Although Bean’s student attrition model (1983) has foundational
aspects derived from Spady and Tinto’s work, he disagrees with the connection
between Durkheim’s suicide theory and the study of retention. In his model, Bean
integrated concepts related to the turnover in workplaces to that of the issue of student
retention (Kerby, 2015; Aljohani, 2016) and defined dropout differently than Spady or
Tinto. Instead of defining dropping out as voluntary or involuntary departure, Bean
asserted that the issue is actually a dropout syndrome, which includes when students
have the intent to leave, talk about leaving, or actually leave an institution (Kerby,
2015). Bean’s (1983) conceptual model elaborated and revised Spady’s and Tinto’s
models, which primarily included two main areas of attrition, academic and social, to
four main categories: background, organizational, environmental, and attitudinal
variables (Aljohani, 2016).
Moreover, Kerby (2015) developed a conceptual model that combines Spady,
Tinto, and Bean’s work to further elaborate on the usage of sociological theories as a
predictive model for retention. Kerby’s conceptual framework (2015) incorporates
aspects of Spady’s (1970), Tinto’s (1975), and Bean’s (1985) sociological theories of
retention to predict retention in higher education. The framework incorporates external
and internal factors, in relation to students and institutions, that influence students’
decisions to stay or leave an institution. In this conceptual framework, external factors
include issues, policies, or trends that are beyond the control of an individual student
or institution but still influence the ability of students to navigate, and institutions to
support, their journeys to educational goal completion. For example, federal policies
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on interest rates for student loans, public perception of a specific job, or
unemployment rates could all influence a student’s higher education journey;
however, that student and institution do not have direct control over those factors.
In this study, the retention of women in engineering majors was studied due to
the increasing need for engineering professionals combined with changing US
demographics that require a more diverse engineering workforce. Although this need
has been apparent for decades, the diversification of the engineering workforce has not
been addressed. The student’s pre-college experiences influence how they interact
with different components of their college experience. The ebb and flow of these
interactions culminates in the students’ retention and persistence at their college or
university. In this conceptual framework, it is both the student’s and institution’s
reciprocal relationship that determines if a student will stay in or leave an engineering
major. For example, a student who may not be as academically prepared for college
may retain at one college more than another depending on the specific support
provided by the college faculty. In this vein, Kerby’s conceptual framework
incorporates how personal characteristics of the students combined with institutions’
organizational and structural attributes interact to predict retention of students while
considering external factors to both the student and the institution of higher education.
The conceptual framework was utilized in the design of this study to understand how
external and internal factors influenced the retention of women in engineering majors
at one university.
The literature regarding the retention of women in STEM majors has evolved
along with the theories guiding research that has pointed to the need for such
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frameworks, such as those previously discussed, to address the issue of retention of
women in STEM. As an example, Fox, Sonnert, and Nikiforova (2009) conducted a
mixed-methods comparison study of two different types of institutions: one type
viewed retention as institutionally centered, while the other regarded the issue of
retention as rooted in individual student attributes. The results of the study found that
the institutions that viewed the gender disparity in science and engineering within a
framework that centered the issue on the institutional structure, versus personal
student attributes, had more positive outcomes when it came to women persisting in
science and engineering degrees.
Furthermore, Riegle-Crumb, King, Grodsky, and Muller (2012) conducted a
quantitative study that investigated if achievement in high school courses influenced
gender differences in pursuing a STEM major in college. In this study, they utilized
national surveys completed by students and parents along with personal background
attributes of students, including GPAs from transcripts and parents’ educational
backgrounds. The researchers found that previous claims that women are
underrepresented in STEM majors due to deficits in prior academic achievement were
not supported by their data analysis. They also suggested that further research
regarding the underrepresentation of women in STEM was needed using sociological
theories that recognize how personal attributes work within a larger system rather than
concentrating on personal skillsets related to test taking.

13

Figure 1. Conceptual Framework (Kerby, 2015)
Theoretical Framework
The recruitment and retention of women in engineering majors continue to be
less than that of their males peers. To evaluate and understand this issue in a different
way, Godwin, Potvin, Hazari, and Lock (2016) have introduced a new theoretical
framework, critical engineering agency (CEA), which they propose could be used to
better understand how students select engineering as a career. Specifically, the
theoretical framework evaluates students’ motivation to select engineering as a career
based on how they develop their engineering identities. The researchers utilized a
combination of three smaller constructs to better understand the larger construct of
identity. The three constructs that build engineering identity are interest,
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performance/competence, and recognition. It has been shown that students’ interests in
specific subjects, specifically in math and sciences, are predictors of selecting
engineering as a future career (Kahveci, Southerland, & Gilmer, 2006). In addition to
interest, the construct of performance/competence plays a role in developing a
student’s engineering identity and is closely related to the concept of self-efficacy, or
one’s belief that one can complete tasks within one’s discipline (Godwin & Potvin,
2015; Godwin & Potvin, 2017; Godwin et al., 2016). The third construct is
recognition, defined as students’ perceptions of how others view them and, with CEA,
their abilities to succeed in STEM. Parents, teachers, and peers are all examples of
individuals who students look to for recognition of their talents and skills that help
them determine their career choice. In the case of CEA, students are looking for other
people’s perceptions of them and their skills regarding a career in engineering
(Godwin & Potvin, 2015; Godwin & Potvin, 2017; Godwin et al., 2016).
Although the framework includes those three constructs that develop an
engineering identity, it also includes the concept of critical agency. In this framework,
students developing a critical engineering agency are developing their engineering
identity through a reflexive process where they are evaluating themselves and STEM
and their ability to change the world around them through a career in engineering.
This study utilized Kerby’s conceptual framework (2015) to identify factors
and explore experiences that influence women’s decisions to stay in or leave
engineering majors. The chronological order of Kerby’s conceptual framework
provides a guideline to analyze and understand these factors and experiences within
the developmental arc of the participants’ CEA.
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Figure 2. Critical Engineering Agency
High School Academic and Social Experiences
Students’ academic preparation can influence their ability to be successful in
STEM majors and impact their career choices. A study by Robinson (2003) examined
how enrollment in AP science and math courses influenced students’ career choices.
After evaluating enrollment in these AP courses with career aspirations, the study
showed that students who completed them most frequently selected a career goal in
engineering or math and science compared to other careers. When comparing
nonminority males’ and females’ AP science and math participation with their career
aspirations, it showed that the males select engineering more, while females select the
medical field at a higher rate than nonminority males. It was also found that minority
students who completed AP science and math courses selected engineering at a higher
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rate than any other career choice. Lastly, minority males selected engineering as their
future career aspiration at a much higher rate than minority female students.
While the completion of AP science and math coursework has shown to
influence students’ career aspirations, so does general science and math preparation,
along with developing an interest in engineering. A study comparing engineering
persisters and non-persisters through their middle to end-of-high school experiences
found that academic performance in math courses influenced whether or not a
student’s engineering interest persisted (Cass, Hazari, Sadler, & Sonnert, 2011). In
addition to math, an interest in physics during high school was positively correlated
with a persistent interest in engineering. Lastly, the majority of persisters expressed
interest in engineering later in their high school career, while many non-persisters
expressed interest primarily only once and earlier in the middle to high school career.
Wang, Eccles, and Kenny (2013) conducted a longitudinal study comparing
students with high math and verbal abilities to those with high math and moderate
verbal abilities who pursued careers in a STEM field. They evaluated survey responses
from when students were in high school and then 17 years later when they were in a
career. They found that students who had high math abilities along with moderate
verbal abilities were more likely to select a STEM occupation than respondents who
had high math and high verbal abilities. The researchers highlighted that there were
more females in the high math/high verbal abilities participant group and that this
debunks previous assertions that females selected STEM disciplines at a lower rate
due to academic abilities.
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Buschor, Berweger, Frei, and Kappler (2014) discussed how academic and precollege experiences influence career decision making, specifically for female students.
The researchers conducted surveys and interviews to obtain quantitative and
qualitative data to better understand women’s decision making regarding STEM
careers. The quantitative piece of the study illuminated three predictors of why women
chose a career in STEM: value placed on working in a field that incorporates
interactive activities, academic pathway that emphasized problem solving, and their
competence in math. The qualitative piece of the study found that women selecting a
career in STEM were motivated by early experiences with STEM activities as well as
their overall interest in science (p. 171).
Influence of STEM Environment
Laeser, Moskal, Knecht, and Lasich (2003) studied team processes of mixedgender groups in engineering design courses. They utilized a mix of observations and
final projects to determine differences between male-dominated teams, teams with
equal numbers of genders, and female-dominated teams. It was found that the maledominated teams completed what was considered higher-quality projects in the first
course in the sequence studied, while the female-dominated teams completed higherquality projects in the second course. The study found that mixed-gender teams did
not necessarily perform better than the teams that were dominated by one gender.
According to Laeser, Moskal, Knecht, and Lasich (2003), an implication associated
with this finding is that in a historically male-dominated field, students may not have
developed the skills necessary to work successfully on mixed-gender teams and may
need to be taught how.
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McLoughlin (2005) conducted a qualitative research study that consisted of
interviews with women in an engineering program regarding their experiences in
relation to spotlighting, or “the singling out of women by gender in ways that make
them uncomfortable” (p. 373). The concept of spotlighting consists of three levels:
overt sexism, tacit sexism, and intention to help. Although all three were found to have
been experienced by women in engineering, it was the intention to help that the
researcher found highly influential on participants. The participants expressed that
being singled out, even for the reason of helping them, caused tension between male
peers and themselves, resulting in negative consequences that reduced their sense of
belonging. The researcher cautioned against creating programming that singled
women out, which would harm more than help.
Additionally, Nguyen and Ryan (2008) conducted a meta-analysis of research
around Steele and Aronson’s (1995) concept of stereotype threat, defined as “the
existence of such a stereotype means that anything one does or any one’s features that
conform to it make the stereotype more plausible as a self-actualization in the eyes of
others, and perhaps even in one’s own eyes” (p. 797). In analyzing 10 years’ worth of
research on stereotype threat effects, Nguyen and Ryan (2008) found that there could
be a negative influence on test-taker’s performance. They found that both women and
underrepresented minority (by race and ethnicity) students performed more poorly on
tests than groups that did not receive a perceived threat, although the stereotype threat
effect was stronger when based on race and ethnicity.
To assess how men’s sexist behaviors may influence women engineers’
academic performance, Logel, Walton, Spencer, Iserman, von Hippel, and Bell (2009)
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conducted a series of experiments involving observations of interactions between men
and women in academic engineering situations. The researchers found several
implications, including men who score high on an assessment measuring sexism also
display a higher amount of dominant behavior toward their female engineering peers;
women can detect the sexist behaviors, which, in turn, negatively impact their
performance on math (a stereotypical male-dominated subject) but not their
performance in English; and in some interactions, women suppressed their thoughts
around the sexist behaviors.
Additionally, the language used in interactions with others can influence
individuals’ experiences. Stout and Dasgupta (2011) conducted three studies assessing
how overtly gender-exclusive language in job descriptions were perceived by men and
women. They found that hearing gender-exclusive language negatively impacts
women’s sense of belonging and motivation and caused disidentification with their
environment, which made them want to leave.
Similarly, Johnson (2012) researched how racially diverse women in STEM
majors perceive a campus’s racial climate and their overall sense of belonging.
Although women as a whole are underrepresented in STEM majors, it has been shown
that women of color begin their college careers with stronger interests in STEM
majors than white women; however, they persist at a lower rate and earn fewer
degrees in STEM majors (p. 336). Johnson (2012) utilized a survey of women of color
in STEM majors and found that being a woman of color had a negative effect on their
sense of belonging on campus. It was also found that academic performance in high
school did not have an effect on women’s sense of belonging; however, it could be
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that the perception of their academic abilities by others could influence their sense of
belonging. Women of color’s sense of belonging on campus was positively influenced
by supportive climates in residence halls, while the isolation of being
underrepresented both as a woman and a woman of color within STEM environments
had a negative impact that could be combated by positive overall campus racial
climates.
Another study by Casad, Petzel, and Ingalls (2019) utilized a survey to assess
the self-esteem and engagement of women in STEM disciplines when they perceive a
threat in their academic environment. The survey was sent to 579 women in a STEM
major in two different institutions. The results support the concept that perceived
threatening STEM environments reinforce gender stereotypes, therefore negatively
influencing women’s academic engagement and self-esteem. They found that women
pursuing STEM majors within male-dominated fields felt a greater sense of threat,
which led to more negative outcomes than for women pursuing a STEM major in a
female-dominated field. The impact of perceived threatening STEM environments
negatively influenced racial minority women more than white women in the study.
The researchers felt this was due to the intersection of multiple disadvantaged statuses,
which resulted in greater disengagement due to the threatening environment.
Retention in STEM Based on Personality and Beliefs
In a longitudinal study by Felder, Felder, Mauney, Harmin, and Dietz (1995),
the performance and persistence of chemical engineering students were analyzed
comparatively by gender. The female students came into college with strong
predictors for success such as high parental education and high standardized test
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scores. However, they left the chemical engineering major at twice the rate as male
students, who were more likely to retake a course they failed within the major than
they were to leave the major.
In addition to high attrition, female students differed from their male peers in
regard to feelings related to their academic preparedness and performance. For
example, they consistently rated their academic preparedness lower than their male
peers, underestimated their abilities, and viewed failure as their own fault while
attributing their successes to others. Overall, female students viewed group work that
occurred in class and group homework projects more positively than male students.
However, women were more likely to feel as though they were ignored or undervalued
while working in groups. Males typically felt that they did most of the work in group
work, while female students felt as though their opinions did not matter and
participated less, potentially due to the gender dynamics. The researchers concluded
that students of any gender in the groups more than likely benefited and suffered,
respectively, from this dynamic in group work.
Besterfield-Sacra, Moreno, Shuman, and Atman (2001) conducted a
quantitative study that analyzed responses from the Pittsburgh Attitude Survey across
17 institutions. The study aimed to learn more about whether there were differences in
responses between genders and ethnicities. The survey asked questions about why
students selected to study engineering, perceived ability to be engineers, and selfconfidence (p. 478). It was found that female engineering students had lower selfconfidence regarding their competence, problem-solving abilities, and engineering
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abilities than male engineering students. However, female students had higher
confidence in their study skills.
A study by Cech, Rubineau, Silbey, and Seron (2011) analyzed how
professional role confidence—defined as “individuals’ confidence in their ability to
successfully fulfill the roles, competencies and identity features of a profession” (p.
641)—influenced women’s retention in STEM majors and careers. Through survey
data collected from engineering students across four institutions, the study found that
women were more likely than males to switch to other STEM majors, while men were
more likely to switch to non-STEM majors when they leave their initial STEM major.
Men were more likely to intend to be an engineer within five years, and both men and
women considered family and relationships as important factors. Men rated their skills
more positively than females while also demonstrating more confidence in career fit
and their expertise. The study also found that males’ professional role confidence was
more developed than their female peers’.
A study by Haemmerlie and Montgomery (2012) analyzed differences between
genders on a personality trait inventory that measured adjustment, ambition,
sociability, likeability, prudence, intellectual curiosity, and school success (p. 42).
Additionally, they compared the results of the personality trait inventory with
students’ high school rank, high school GPA, second-semester college GPA, and
whether or not the student returned the next year. They found that prior academic
performance and personality traits were associated with academic performance and
retention. In addition, the second-semester GPAs were significantly correlated with
previous academic achievement along with personality markers of higher prudence
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and less sociability for both genders. Overall, the researchers found that both male and
female retention rates were positively influenced by personality traits.
In a longitudinal study utilizing a survey and classroom observation to measure
bias in their STEM environment, LaCosse, Sekaquaptewa, and Bennett (2016) found
that women who witnessed or felt gender stereotypical biases in the classroom were
more likely to remove themselves from the STEM environment, and their intentions to
pursue STEM careers was lowered. The study also found that women perceived that
each other’s setbacks were more internally driven than externally; in other words, they
often felt that their setbacks were due to their own internal characteristics rather than
outside factors such as faculty or peer interaction.
Power of Peers, Mentors, and Learning-Living Communities
The influence of mentoring and peer learning communities was studied by
Wasburn and Miller (2004–2005) via a survey sent out to students participating in the
Women in Technology organization at Purdue University. The survey included closed
and open-ended questions that helped the researchers learn more about the students’
experiences in the classroom. They found the open-ended questions to be the most
enlightening as listening to the students’ voices was impactful in understanding the
experiences of women in engineering classes. It was found that women were often
outnumbered and underrepresented in the classroom, which often led to them feeling
intimidated by their male peers. In addition, the women often felt that their opinions
within group work were being disregarded, which had them questioning their
engineering abilities. The survey responses also indicated that women in the
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organization felt that female mentors and professors were important so that they could
have someone to talk to who has had similar experiences in STEM coursework.
Similarly, Dasgupta and Asgani (2004) conducted two studies to ascertain if
exposure to female leaders reduces women’s automatic identification with gender
stereotypes. The first study exposed female participants to famous women leaders to
assess the participants’ views on leaders and gender stereotypes, while the second
study assessed how the exposure to female leaders within two university contexts
impacted automatic gender stereotyping and identification by participants. They found
that reading the biographies of famous leaders results in counter-stereotypical beliefs
(i.e., they did not believe in traditional gender stereotypes about who can be a leader).
Women at the co-ed university had higher levels of stereotypical beliefs compared to
the participants from the women’s college, which were mitigated or lessened as they
were exposed to female leaders and faculty. As they were exposed to more
stereotypical beliefs, especially in math and science courses that have fewer female
faculty, the participants’ automatic stereotypical beliefs increased.
Kahveci, Southerland & Gilmer (2006) conducted a study investigating how a
living-learning community based in STEM influenced women to pursue majors
specifically in science, engineering, and math. They utilized a questionnaire to
measure concepts around interest; confidence; intent to pursue a science, engineering,
or math major; perceptions of scientists; understanding of science and technology;
GPAs; and what their current major was (p. 36). They compared students in the livinglearning community with students in an honors chemistry program. The most
significant finding of the study was that those who participated in the living-learning
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community enrolled in science, engineering, and math majors at a higher rate than
women who did not live in that community. Thus, the researchers suggested more
schools implement programming like the living-learning community to recruit and
retain more women in science, engineering, and math majors.
While the use of mentors and role models can be helpful, they should be used
strategically in regard to purpose and efficacy. Drury, Siy, and Cheryan (2011)
analyzed previous research regarding the use of female role models in recruitment and
retention of women in engineering. They found that these role models were no more
influential than male role models during the recruitment stage; however, they could
help in retention efforts once female students were within an engineering major. They
also found that the most important factor was that students felt some form of
commonality with the role model, which could be gender, but it could also be career
aspirations or personality style. Overall, the researchers found that the use of female
role models during retention interventions is more applicable than during the
recruitment stage.
Dennehy and Dasgupta (2017) conducted a longitudinal field experiment
investigating the influence of female peer mentoring on female experiences and
retention. The researchers randomly assigned to 150 first-year female engineering
students a male or female peer mentor and assessed the mentorship experience through
the first two years to measure long-term effects of the intervention. The study found
that female engineering students who were assigned a female peer mentor experienced
more benefits from the program than those who had a male peer mentor. Among the
benefits were increased levels of confidence in engineering skills and a higher sense of
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belonging and motivation. The researchers believed the female peer mentors were able
to build a sense of belonging that increased the students’ level of confidence in their
engineering abilities that resulted in better retention.
It is clear from the literature provided in this chapter that the issue of retention
of women in engineering majors is multi-faceted and complex. This study aimed to
contribute to the body of work discussed in this chapter in order to aid educators in
understanding how to increase the retention of women in engineering majors.
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Chapter 3: Methodology
The purpose of this mixed-methods research (MMR) study was to identify
factors and explore experiences that influence women’s decisions to stay in or leave
engineering majors. The MMR approach allowed for a combination of quantitative
and qualitative research methods. This chapter outlines the methodology used in this
study, setting and participant selection, data collection and analysis, and
considerations around ethics and quality.
As discussed by Teddlie and Tashakkori (2009), the MMR approach is not
selected in an attempt to rid a study of the weaknesses associated with quantitative and
qualitative data. Instead, both quantitative and qualitative research methods were
selected as each approach helped to investigate the research topic at hand and provided
a well-rounded and in-depth knowledge of the topic (Johnson & Onwuegbuzie, 2004).
A quantitative research design provides an avenue to understand a specific
phenomenon in a numerical format (Muijs, 2011). It leads to data collection and
analysis methods that help a researcher identify factors that explain the phenomenon
being researched. In this study, the quantitative part of the research was utilized to
identify factors influencing retention of historically underrepresented students,
specifically women, in engineering majors.
A qualitative research design is one in which the researcher is “interested in
how people make sense of their world and the experiences they have in the world”
(Merriam & Tisdell, 2016, p. 14). A researcher utilizing narrative inquiry in particular
is looking to obtain in-depth details about the experiences of a small number of
individuals (Creswell & Poth, 2018). Through my experiences advising students
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interested in pursuing graduate degrees, I have learned that every student has a unique
story specific to their journey in life; this includes how they move through their
undergraduate experience. As institutions of higher education continue to look for
ways to address the recruitment and retention of women in engineering majors, it will
be important to listen to student experiences that provide a nuanced understanding of
what influences their decisions to stay or leave an engineering major. To better
understand the experiences which influence retention of women in engineering majors,
the following research questions were explored:
1. What factors do women in engineering majors identify as influencing their
retention?
2.

In telling their stories, how do women’s experiences affect their decisions
to stay in or leave engineering majors?

Rationale
The central component of this study was to listen to student voices to better
understand how their experiences influenced their decision to retain in engineering
majors. The MMR approach provided a way to listen to the voices of students through
quantitative and qualitative methods. According to Creswell and Plano Clark (2017), a
mixed-methods study includes four core characteristics, which is incorporated by this
study: 1) analyzing both quantitative and qualitative data, 2) the results will include
both types of data, 3) research design is organized utilizing principles of each
methodology, and 4) the procedures are rooted in theory. This study incorporated a
preliminary quantitative input design (quan à QUAL) that supplemented the core
piece of data collection, the qualitative part of the study (Morgan, 2014). The
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preliminary quantitative input design provided a way to collect data to answer the first
research question that provided a broader context to the understanding of retention of
women in engineering majors at the university, especially in relation to male
engineering majors.
In addition, it provided a way to conduct more purposefully selected, or
sampling, of participants for the core piece of the study, the participant interviews.
The qualitative portion of the study, the interviews, were used to gain a deeper
understanding of the data collected from the survey from a small, purposefully
selected set of participants. The use of Kerby’s (2015) conceptual framework provided
an outline for which variables to measure in the survey. The survey helped to identify
factors influencing students’ retention in engineering majors from a larger sample that
included women and men at this study location while the interviews provided a
method to understand in more depth the experiences of women who have majored or
are majoring in engineering.
Setting
The study took place on the campus of a four-year, private, medium-sized,
highly residential university in an urban environment (Carnegie Classification of
Institutions of Higher Education, 2017). According to the Carnegie Classification of
Institutions of Higher Education (2017), approximately 118 other universities and
colleges in the United States fall under the same categories. The School of
Engineering is one of five Schools at the university and offers a range of majors,
minors, and graduate programs. The full-time enrollment of undergraduate students in
the School of Engineering represents 17% of the full-time undergraduate student
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population at the university. The university was identified for three main reasons: its
strong School of Engineering, higher than average percentage of female engineering
students and faculty, and its expressed commitment to increasing the diversity of the
student body while fostering an inclusive community. The university student
population is comprised of 60.2% female and 39.8% male. As noted in Figure 3., the
gender breakdown within the School of Engineering is not representative of the
general university population.
School of Engineering Student
Gender Breakdown
29%
71

Female

Male

Figure 3. School of Engineering Student Gender Breakdown
Participants
The participants for the survey were selected through convenience sampling
(Mujis, 2011). The survey was sent to 640 students, and 87 responded, resulting in a
13.5% response rate. The survey was sent a total of two times to promote
participation, a month before finals and at the end of the semester, after which further
attempts to obtain more responses were not feasible as students left campus for
summer break. The 87 responses were from female and male students who were
currently majoring or previously majored in engineering. Out of those, 11 were not
utilized in the analysis due to incomplete data. Of these students, 39 were female, and
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37 were male. As the most attrition in the School of Engineering occurs within the
first two years of the program, the survey asked respondents to select their current year
at the university (first year, second year, or other). Of the 76 respondents, 11 were in
their first year, 21 in second year, and 44 selected “other”.
Although the survey response rate was too low to conduct a robust statistical
analysis of the data, the even distribution between female and male respondents did
provide a way to compare perceptions of factors influencing retention between the two
groups. The survey responses are broken down by gender in Table 1. In addition, the
representation across majors was fairly consistent with the greater School of
Engineering major breakdown.
Table 1
Breakdown of Majors by Gender
Major

Female Male

% of
Survey
Responses

% of Major within
School of Engineering

Civil Engineering

12

3

19

19

Computer Science

8

7

19

22

Electrical

2

6

10

15

15

21

47

42

2

0

.02

-

Engineering
Mechanical
Engineering
Other STEM

The participants for the interviews were selected utilizing purposive sampling
or selection, which “is based on the assumption that the investigator wants to discover,

32

understand, and gain insight and therefore must select a sample from which the most
can be learned” (Merriam & Tisdell, 2016, p. 96). Specifically, participants were
determined utilizing a criterion-based selection method to ensure that the sample
provided rich cases that supported the purpose of the study (Merriam & Tisdell, 2016).
The participants met the criteria if they identified as a current female undergraduate
student who was in an engineering major or a current student who had originally been
an engineering major at one time at the university. The original goal of the study was
to diversify the sample as much as possible in regard to race and ethnicity, firstgeneration identification, and a relatively similar number of interviews between
women engineering retainers and non-retainers. However, the sample obtained did not
meet these original diversification goals. Table 2 provides an overview of the
interview participants.
Table 2
Interview Participant Information
Name

Year

Major

Age

Race/Ethnicity

Alice

First year

Other STEM

19

White

Rosie

Second year

Mechanical Engineering

19

Asian

Barber

Second year

Mechanical Engineering

20

White

Lily

Third year

Mechanical Engineering

21

White

Shelley

Third year

Computer Science

20

Two or more races

Tina

Fourth year

Civil Engineering

22

White

Leslie

Graduated 2019

Civil Engineering

21

Two or more races

Mia

Graduated 2019

Mechanical Engineering

22

White

Lindsay

Graduated 2019

Mechanical Engineering

21

White
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Role of Researcher
My personal and professional experiences were considered when designing the
research. I have been working in higher education admissions since 2006 and advising
students on how to apply to graduate programs since 2010. Through my role, I have
witnessed the disparity of representation within graduate programs in regard to
underrepresented populations. Although I work in the graduate admissions profession,
I do not work for the university where this research took place.
In viewing the issue of retention of women in engineering majors, I
acknowledge my own privileges and feminist philosophy while valuing the unique
perspective of each participant (Creswell & Poth, 2018). It was essential for me to
practice reflexivity throughout the study to understand my positionality with each
participant (Merriam & Tisdell, 2016). Prior to starting the first interview, participants
signed consent forms that outlined my role as the researcher. I provided background
information about myself within the interview protocol to build rapport but also to
acknowledge my positionality with the participants. Throughout the data collection
and analysis, I participated in memoing so that I could be reflective and aware of any
biases in the research (Creswell, 2007).
Data Collection
Quantitative research aids in understanding a phenomenon from a broader
sample (Creswell & Plano Clark, 2018) that can be used to validate previously
constructed theories or conceptual frameworks (Johnson & Onwuegbuzie, 2004). In
this study, a previously created conceptual framework (Kerby, 2015) guided the
development of a data collection tool that helped identify factors influencing the
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retention of a larger sample of underrepresented college students in engineering
majors. The quantitative methodology component of this study provided a way to
answer, on a more macrolevel, the first research question: What factors do women
identify as influencing their retention in engineering majors?
Survey. I worked with School of Engineering staff at the university to identify
participants who met the criteria. Once the list of potential participants was
established, a staff member within the School of Engineering sent the survey to 640
students, both male and female, who were currently majoring in or had previously
majored in an engineering major at the university. The survey was created utilizing
Kerby’s conceptual framework as a guide. In addition, survey concepts were adapted
from a previous study, Can a Summer Bridge Program Impact First-Year Persistence
and Performance? A Case Study on the New Start Summer Program (Cabrera, Miner,
and Milem (2013).
The survey consisted of 24 questions, but depending on the respondents’
answers to a certain question, not all participants received all questions. At the
beginning of the survey, participants were asked their current major and then if that
was their original major. If it was not, they were then asked what their original major
was when they started at the university.
The survey consisted of questions with a variety of response styles.
Participants were asked to rank their top three choices for some concepts, while some
questions required Likert-scale responses. The questions were designed to assess precollege and college factors that had influenced participants’ retention in engineering
majors. They were asked to identify items such as:
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•

Who influenced their decision to apply to college

•

Who influenced their decision to pursue a career in engineering

•

Reasons they decided to pursue a career in engineering

•

Their current major (and original major, if applicable)

•

Ways in which faculty within and outside their major has supported
them

In addition, they were asked to rank their top reasons for:
•

Attending this university

•

Why they would stay in or leave their major

Participants were also asked to select their level of agreement with concepts
relating to academic experiences/faculty interaction and campus social environment.
Specific survey questions, derived from Cabrera, Miner, and Milem’s study (2013) on
the impact of a summer bridge program on persistence and performance of
participants, were:
•

I see myself as part of the university community

•

I am enthusiastic about this university

•

If asked, I would recommend this university to others

•

I study in groups outside of class

•

I attend tutoring sessions

•

I attend academic support programs

•

I meet with professors during office hours

•

I have informal conversations with professors
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The full survey can be found in Appendix A.
Interviews. Narrative inquiry provides space for participants to describe their
experiences through stories that include a beginning, a middle, and an end (Merriam &
Tisdell, 2016). Through such stories, the students described their experiences prior to
and during college that influenced their ability and desire to retain in an engineering
major. The design of data collection and data analysis of this study was guided by a
combination of Kerby’s conceptual framework and CEA.
The use of stories is seen by Reissman (2008) as a way for individuals from
marginalized groups to mobilize and challenge inequity and unjust social structures as
a story “creates order and contains emotions, allowing a search for meaning and
enabling connection with others” (p.10). The students’ stories addressed the second
research question: What factors do women perceive as influencing their decision to
stay in or leave engineering majors?
The student interviews provided a platform for students to describe their
experiences as influencing their retention in engineering majors, illustrating their level
of sense of belonging at the university and in STEM coursework through interactions
with peers, mentors, faculty, and staff at the university. The narrative inquiry provides
a structure to perceptual experiences and organizes memories chronologically to
understand individuals’ life stories (Reissman, 2008). According to Reissman (2008),
“Narratives do political work. The social role of stories—how they are connected to
the flow of power in the wider world—is an important facet of narrative theory” (p. 8).
The narrative design of the study provided the ability for in-depth analysis of women’s
voices to better understand retention within engineering majors. In future studies,
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researchers may be able to utilize student stories from a variety of institutions.
Furthermore, as indicated by Reissman (2008), groups utilize stories to create political
change through persuasion and shared humanity. Thus, the individual student stories
in this study could potentially add to a growing body of research that will help effect
change in a more systematic way.
The semi-structured interviews lasted approximately 45 minutes to an hour
each and included 16 questions that were asked of every interview participant;
however, the follow-up questions varied depending on participant responses. The
semi-structured design of the interviews allowed for further investigation of emergent
concepts that arose through the interview (Creswell & Poth, 2018). The order and
selection of questions were constructed based upon Kerby’s conceptual framework
and previous literature on the topic of factors influencing student retention. Several
examples that addressed pre-college experiences were:
•

What was your high school like?

•

Are there any memories that stick out to you about your time in high
school?

•

What were some of your favorite subjects in school?

Examples of questions pertaining to college experiences were:
•

As a student in an engineering major, can you tell me about a time
when a professor within the School of Engineering has influenced your
experience here at the university? A time when a professor outside of
the School of Engineering has influenced your experience?
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•

Have you experienced any barriers to your success within the School of
Engineering?

The full list of core interview questions can be found in Appendix B.
Pilot. A pilot trial of the interview questions was conducted prior to the
interviews as a way to practice the questions in regard to timing, content, and feedback
from pilot participants.
Procedures
The survey, sent to all female and male students currently majoring in
engineering or who have previously majored in engineering, was e-mailed by an
individual within the School of Engineering. The message contained a link to a FAQ
page regarding the purpose of the survey and study. In addition, the contact
information for me and my committee chair, as well as the University of Portland’s
IRB, was included if any participant had questions or concerns regarding the study. At
the start of the survey, participants were required to respond to a question asking if
they understood the study goals and wished to proceed. By clicking yes, the
participants provided consent to utilize their confidential responses in this study. At
the end of the initial survey, participants were directed to a separate Qualtrics survey,
where they could enter their name for a gift-card drawing as well as submit their
contact information if they were willing to be contacted to participate in follow-up
interviews for the study.
Participants who voluntarily submitted their contact information were sent a
follow-up e-mail (Appendix C) to confirm they met the sampling criteria and begin the
scheduling process. Those selected for the interview could participate in one of three
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formats that best suited their needs and schedules: phone, in person, or virtual. The
interview consent form (Appendix D) and questions were provided to each participant
for review prior to the interview. Once those items were reviewed, the participant
submitted the signed interview consent form. The interviews were all audio-recorded
and then transcribed. The consent forms, audio recordings, and transcriptions have
been stored in password-secured digital storage systems.
Data Analysis
Survey. The survey responses were analyzed to determine frequency of
answers to the question of what drew them to the university while chi-square tests
were conducted to analyze the responses to the questions regarding who encouraged
participants to apply to college and pursue engineering, why they selected engineering
as a career, how likely it was they would stay in their major, and what factors would
make them stay or leave the major. The Chi-square test was selected to run these
analyses due to the nominal nature of the data while providing a way to determine if
responses to questions differed by gender. This data provided a general understanding
of pre-college factors that influenced both women and men in engineering majors.
Although the low survey response rate precluded the ability to draw conclusions that
were generalizable to the broader School of Engineering population, the answers
enabled a way to compare female and male perceptions of factors influencing
retention that provided context for the qualitative portion of the study.
A comparative analysis using independent sample t-tests was conducted to see
if differences existed between genders for the Likert-scale questions measuring the
concepts of academic/faculty interaction and campus social environment. Although
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the low survey response rate reduced the ability to draw robust statistical conclusions,
the t-test offered a way to understand differences in responses between an equally
gender-dispersed sample within engineering majors. Again, the test results could not
be generalized to the larger School of Engineering population; however, they provided
context for understanding female respondents’ perceptions of factors influencing their
retention and initial data and areas of interest to further investigate within the in-depth
interviews.
Interviews. The qualitative data analysis process was comprised of three
parts: organizing the data, creating themes based on a coding process, and representing
the data (Creswell & Poth, 2018). A narrative analysis can include a variety of
methods that all come back to how a researcher interprets a story (Reissman, 2008).
According to Creswell and Poth (2018), “the data collected in a narrative study need to
be analyzed for the story they have to tell, a chronology of unfolding events, and
turning points or epiphanies” (p.198). The data analysis included both inductive and
deductive coding. I utilized inductive coding to determine emerging concepts and
ideas (Saldana, 2016) that are true to participant voices without biasing the data with
previously outlined codes. In second and third analyses, I utilized deductive coding
derived from the conceptual framework (Kerby, 2015) to serve as a comparison and
link with the literature.
The first step after each interview was to transcribe the transcript, change
participant names to pseudonyms, and remove any information that risked the
anonymity of the participant. The de-identified transcript was sent to the participants
as a form of member checking and ensuring accuracy. Once the transcriptions were
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checked for accuracy, I organized them by case in NVivo and then read and reviewed
them several times to immerse myself in the data (Saldana, 2016). The second step
was to create a word frequency map within the software NVivo to get a visual of the
data within the interviews to see if anything stood out.

Figure 4. Word Frequency Map
After the initial immersion within the data, I proceeded to the first cycle of
coding, which was conducted through an inductive process, allowing the opportunity
for themes and patterns to develop organically rather than utilizing predetermined
codes.
First cycle coding method: In Vivo. As the principle purpose of the study was
to gain an understanding of the phenomenon through student voices, I utilized In Vivo
coding as it is ideal for studies “that prioritize and honor the participant’s voice”
(Saldana, 2016, p. 106). A component of In Vivo coding, also known as verbatim
coding, is that the researcher uses the actual words from the data, which better
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represents the meaning in a person’s experience. I began the analysis by reviewing the
transcripts line by line and highlighting the words or phrases that stood out and coded
them as nodes within the software system NVivo. I extracted the exact wording or
phrases that were transcribed to “help preserve participants’ meanings of their views
and actions in the coding itself” (Saldana, 2016, p. 109, referencing Charmaz, 2014).
Prior to moving to the second cycle coding, I incorporated landscape coding to
analyze the data through a visual method (Saldana, 2016), which allowed me to “see”
emerging themes.
Second cycle coding: Pattern. The initial coding needed to be reorganized and
reanalyzed through a second cycle of coding to further develop links within the data
(Saldana, 2016). I utilized pattern coding as it helped the “development of major
themes from the data” (Saldana, 2016, p. 236) and prepared for further analysis
through rich descriptions of the themes and contrasting of themes among cases. The
second cycle coding stage of the study was completed through a combination of the
reorganization of nodes in NVivo as well as a more tactile organization of the data
through color-coded notecards. Through this coding, I developed themes and
subthemes that I could analyze deductively with predetermined categories from
Kerby’s conceptual framework (2015).
Third cycle coding: Deductive analysis and comparison. Whereas the initial
analysis of the data utilized an inductive process, the last stages consisted of a
deductive analysis by referencing the overarching themes indicated in Kerby’s
conceptual framework (2015) and comparing those with the themes and subthemes
created inductively in the first and second cycles of coding. This allowed me to engage
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in an iterative-inductive approach to the first two stages of data analysis to better
understand how emergent themes were brought to attention, while the deductive
comparison and analysis worked to provide context for those emergent themes within
a larger conceptual and theoretical framework (O’Reilly, 2009). The analysis process
led to explanatory narratives of the themes that are communicated in the findings
section with corresponding quotes from the interviews (Saldana, 2016). The
chronological analysis of the data provided a way for me to see the arc of each
participant’s development of CEA.
I participated in analytic memo writing throughout the analysis process, which
helps a researcher reflect upon ideas emerging through the analysis process and think
critically about decisions being made in the research (Creswell & Poth, 2018; Saldana,
2016). An aspect of analytic memo writing was working through the analysis by
defining and redefining what data went into each theme and keeping those memos in
NVivo.
Ethical Considerations
This study was approved by the Institutional Review Board at the University of
Portland. The survey invitation included a link to a study FAQ, where participants
could learn more about the study to make an informed decision on whether or not they
wished to complete it. The survey included a question confirming that the students
understood the study and agreed to participate. By clicking yes to the question, they
acknowledged they received answers to any of their questions pertaining to the study
and gave consent to use their confidential results. The interview participants received a
consent form that was signed prior to the interview starting. In the consent form, the
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purpose and goal of the study were outlined for the participants. In addition, the letter
of consent form notified participants that the study would in no way affect their ability
to participate in academics and social activities at the university. The consent letter
notified participants that they would receive an Amazon gift card in appreciation of
their time.
The questions were provided to the participants to review before the interview
along with the consent form so that they could decline any amount of participation
they did not feel comfortable participating in during the interview process. The audio
recordings of the interviews were stored in a password-protected digital system to
ensure that they remain confidential. To further maintain confidentiality, each
participant received a pseudonym, and other potentially identifying information was
not included in the reporting. Additionally, student identifying information was not
provided to university staff or faculty. In the event that any data collected could
identify the participants or university, that data was omitted from the report.
Ensuring Quality
In any study, important aspects of the research are its validity and reliability.
Since this study, as in many cases, looked to apply the meaning of the results, it’s
important that consumers of the study’s findings feel confident in the design and
results (Creswell & Poth, 2018). A researcher can demonstrate validity and reliability
through the ways in which the study is designed, the data collected and analyzed, and
how the findings are provided to the audience (Merriam & Tisdell, 2016). To
demonstrate validity and reliability within this mixed-methods study, I utilized
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research design concepts that demonstrate credibility, transferability, dependability,
and confirmability (Merriam & Tisdell, 2016).
Credibility was built through the inclusion of triangulation, engaging in
reflexivity, member checking, and creating rich descriptions (Creswell & Poth, 2018).
The data collection method of conducting a survey and interviews, rather than one
data collection method, allowed the researcher to utilize triangulation to demonstrate
confirmability. In addition, the data represents viewpoints from women majoring in
engineering, from those who recently completed their freshman year to participants
who had just graduated, therefore demonstrating confirmability across a variety of
participants. It was important in the qualitative stage of data collection and analysis to
keep a reflective journal to bracket any personal biases (Ortlipp, 2008). As a female
who is passionate about gender equality, I felt it was important for me not to allow that
personal philosophy to seep into the interviews or the analysis of the data. Thus, I was
very intentional in bracketing through reflective journaling and following the
interview protocol as designed. As a portion of study is a narrative design, it is
extremely important that the participants feel that their story is being told accurately.
Therefore, as a form of member checking, after each interview, I transcribed the data
and provided the transcription to participants for review (Creswell & Poth, 2018).
Lastly, I offered rich descriptions that illuminated the topic of study to help
readers transfer the information to other settings (Creswell & Poth, 2018). I provided
in-depth descriptions as well as salient quotes to enable readers to gain greater
perspective of characteristics that may apply to their own setting.
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Chapter 4: Findings
The purpose of this mixed-methods study was to identify factors and explore
experiences influencing the retention of women in engineering majors. The study
addressed two research questions:
1. What factors do women in engineering majors identify as influencing their
retention?
2. In telling their stories, how do women’s experiences affect their decisions to
stay in or leave engineering majors?
A survey was implemented to address the first research question. It was
designed following Kerby’s conceptual framework (2015); therefore, questions
assessed pre-college and college factors that, in previous research, have been shown to
come together to influence a student’s retention in college. The survey responses,
gathered from both male and female students, created a general landscape of the
factors identified by women as influencing their retention in engineering majors in
relation to those of their male peers. The survey also provided a way to select
participants purposefully for the central, qualitative portion of the study, which
consisted of nine semi-structured interviews as an avenue to explain survey results and
answer the second research question. This chapter discusses the results from the
survey and semi-structured interviews that address both research questions. The
findings are presented as they relate to each research question and in the sequence of
factors as they are presented in Kerby’s conceptual framework.
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Survey Responses
The following section includes the data analysis of the survey results that
address the first research question: What factors do women in engineering majors
identify as influencing their retention? The female (in comparison to male) survey
responses provided insight into the specific perspective of women in engineering
majors. Although the response rate was too low to be generalizable to the larger
School of Engineering population, the comparison of female and male responses
highlighted differences that were investigated and analyzed further within the in-depth
interviews enabled an initial understanding of the perspective of female students
regarding the factors influencing their retention in engineering majors.
Pre-College Factors. When measuring the pre-college factor of who
influenced participants to go to college, women and men identified their parents or
legal guardians, high school teacher(s), and friends as the top three. As indicated in
Table 3, parents or legal guardians were the most influential people who encouraged
respondents to pursue college, while high school teachers were the second most
influential based on the prevalence of survey responses. A chi-square test was
performed to examine the relationship between gender and who encouraged students
to apply to college, but a correlation between these variables was not found to be
statistically significant.
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Table 3
Who Encouraged You to Apply to College?
Factor

Female

Male

Parents or legal guardian

37

33

High school teacher

26

27

Friend

18

20

A sibling

17

15

Extended family member

17

18

Coach or advisor

12

14

Mentor

11

12

No one

3

3

Other

1

3

Note. The number of total female survey respondents was 39, and male was 37.
Participants did not report experiencing much discouragement from pursuing
college, indicated by 92% of female respondents and 89% of male respondents who
selected the choice that no one discouraged them from applying to college.
Table 4 provides an overview as to who influenced women in their decision to
pursue engineering. They indicated that parents or legal guardians and high school
teachers were the most influential. Participants were also asked who discouraged them
from pursuing a career in engineering. The majority of women (72%) and men (89%)
stated that no one discouraged them from pursuing engineering; however, a greater
percentage of women than men identified individuals who did discourage them from
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pursuing a career in engineering. In the survey, 20% of women identified that
parents/legal guardians and an extended family member discouraged them from
initiating a career in the field as opposed to 8% of men. A chi-square test was
performed to examine the relationship between gender and who discouraged students
from pursuing a career in engineering, but a correlation between these variables was
not found to be statistically significant.
Table 4
Who Influenced Your Decision to Pursue a Career in Engineering?
Factor

Female

Male

A parent/legal guardian

24

25

A high school teacher

21

18

An extended family member

7

9

An engineering professional

7

7

A friend

6

10

No one

6

6

A coach/club advisor

4

5

A sibling

4

3

A mentor

3

5

Note. The number of total female survey respondents was 39, and male was 37.
As seen in Table 5, when asked why they selected engineering as their future
career, the most indicated reasons were financial rewards, parents or legal guardians,
and personal research. A chi-square test was performed to examine the relationship
between gender and the reasons they chose to pursue a career in an engineering field,
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but a correlation between these variables was not found to be statistically significant.
However, when looking at the responses that a “teacher advised me to” and “mentor in
engineering,” it is noticeable that women selected teachers more frequently than
mentors.
Table 5
What are Reasons You Chose to Pursue a Career in an Engineering Field?
Factor

Female

Male

Financial rewards

22

20

Parents’/guardian’s suggestion

19

17

Personal research

18

24

Teacher advised me to

14

8

Internship experience

10

9

Other

9

8

Mentor who is in engineering

5

11

None

1

1

Note. The number of total female survey respondents was 39, and male was 37.
The reasons for choosing this university were similar for female and male
respondents. The top three reasons for both genders for choosing this university were:
academic programs offered, scholarships, and location. Table 6 represents the
percentage of respondents selecting one such reason within their top three choices.
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Table 6
What are Reasons You Chose to Attend this University?
Factor

Female

Male

Academic programs offered

85

73

Scholarships

76

73

Location

76

54

Note. Percent of responses ranked within top three reasons
The survey results for pre-college factors did not show statistically significant
differences between female and male students; however, there were slight differences
in who discouraged them from pursuing a career in engineering, where women noted
parents and extended family members more than males. In addition, the data, although
not statistically significant, showed that females more frequently than males chose
teachers as influencing their choice of engineering as a career, while men chose a
mentor in engineering more frequently. The top reasons for selecting the university
were similar for female and male engineering students.
College Factors. To identify factors that influenced engineering students’
retention, questions pertaining to their major selection and reasons they would stay or
leave the major were asked. In Table 7, the prevalence of female students selecting a
specific reason is outlined. The top reason for selecting their current major was
because it suited their professional goals, followed by an affinity for the topics
covered in the major and a belief that the major will lead to great economic
opportunities. Although the choices as to why they selected their current major were
similar between female and male students, “found a faculty mentor” was selected
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slightly more frequently by female than male students, while grade performance was
selected slightly more frequently by male than female students.
Table 7
Why did you Choose your Current Major?
Reason

Female

Male

Good fit for professional goals

31

27

I like the topics covered in the major

29

30

The major will lead to economic opportunities

28

26

I want to make a difference for others

20

16

Parent/guardian influence

15

16

Found a faculty mentor

7

3

Grade performance

7

10

Created better balance between school and job

1

1

In response to the question regarding likelihood of staying in their current
major, 97% of female respondents and 95% of male respondents said it was extremely
likely they would stay. In addition, as shown in Table 8 below, female and male
students reported that their career goals, passion for the subject, and academic
performance were the top reasons they would stay in their current major.
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Table 8
Reasons that Would Make you Stay in your Current Major (top 3)
Reason

Female

Male

Career goals

79

81

Passion for subject

79

81

Academic performance

44

49

Note. Percent of responses ranked within top three reason
As shown in Table 9, the female students reported similar reasons for why they
would leave their current major. A lack of passion, a change in career goals, and
academic performance were the top three choices.
Table 9
Reasons that Would Make you Leave your Current Major (top 3)
Reason

Female

Male

No passion for subject

77

73

Change in career goals

69

73

Academic performance

67

76

Note. Percent of responses ranked within top three reasons
The college-factor questions regarding major selection and reasons they would
stay or leave a major were relatively the same for female and males students; however,
differences in academic/faculty interaction and campus social environment were found
through conducting independent t-tests. When asked to select the frequency at which
they participated in academic support activities, female students selected that they
study in groups outside of class more frequently than their male peers. Table 10
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displays the means and standard deviations for male and female students who rated
how frequently they studied in groups. An independent samples t-test revealed that
female students reported studying in groups more than male students by a statistically
significant amount, t(74) = 2.08, p = .041.
Table 10
Comparison of Students Studying in Groups by Gender
Student Group

N

M

SD

Male

37

3.22

1.16

Female

39

3.79*

1.26

Note. *p =.041
While the academic factor of studying in groups was the only statistically
significant finding when measuring concepts around academic/faculty interaction,
several more were found when measuring the concept of campus social environment.
Table 11 displays the means and standard deviations for male and female students who
expressed their level of agreement with the statement “I am enthusiastic about this
university.” An independent samples t-test revealed that it appears that female students
see themselves as part of the university community more than male students by a
statistically significant amount, t(74) = 2.29, p = .025.
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Table 11
Level of Agreement with “I am Enthusiastic about this University”
Student Group

N

M

SD

Male

37

3.73

1.26

Female

39

4.31*

.922

Note. *p =.025
Table 12 displays the means and standard deviations for male and female
students who expressed their level of agreement with the statement “If asked, I would
recommend this university to others.” An independent samples t-test revealed that it
appears that female students would recommend this university more than male
students by a statistically significant amount, t(55.82) = 2.32, p = .024.
Table 12
Level of Agreement with “If Asked, I Would Recommend this University to Others”
Student Group

N

M

SD

Male

36

3.92

1.34

Female

39

4.51*

.790

Note. *p =.024
The other concepts related to having informal conversations with faculty and
comfort level of talking about personal or academic topics with faculty did not show
statistically significant differences.
The survey provided data regarding pre-college and college factors influencing
the retention of female and male students in engineering majors. Frequency of
responses resulted in an overview of which factors students identify as influencing
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their college, career, and major choices. T-test analyses of data in relation to
academic/faculty interaction and campus social environment indicated differences in
study habits and enthusiasm for the university.
Participant Interviews
The interview questions were designed to follow the order of Kerby’s
conceptual framework; therefore, questions pertaining to high school experiences
followed by college experiences were asked to gain an understanding of how precollege and college factors have shaped students’ decisions to persist in engineering as
they progressed through their educational careers. In telling their stories, participants
revealed themes that explained pre-college factors that have built the foundation for
their retention in engineering majors. The interviews provided greater context for
survey responses and offered further insight into how pre-college and college
experiences influenced their decisions to stay or leave engineering majors.
After coding analysis, two overarching themes were identified related to precollege factors: college-going environments and engineering exploration. Three
subthemes in each larger category added nuance and depth to understanding these precollege factors. The analysis resulted in five main themes for college factors: do I
belong here?, academic experience, community, invaluable faculty support, and
financial considerations.
College-Going environments. The nine participants all expressed that they
grew up in environments that promoted going to college. As none of them were firstgeneration students, the participants grew up in homes that had at least one parent who
had attended college, and all were influenced to attend college by their parents. In
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addition, the participants discussed how their high school environments were geared
toward going to college, as demonstrated by rigorous course offerings and classes that
promoted college attendance. The overall academic preparation each participant
described was indicative of college prep coursework.
Parental support and expectations. As previously shown in the survey data,
parents played a pivotal role in the pre-college experiences of female students,
specifically in regard to their decision to apply to college and pursue a career in
engineering. In all nine interviews, participants stated that their parents had influenced
them to go to college. The participants had at least one parent who had attended
college; therefore, it was common for them to state how their parents positively
influenced their decision to enroll. In most cases, it was assumed that the participants
would be attending college, and alternative options were not readily discussed. As
indicated by one participant, Lindsay:
So I think college was always the next step for me. As a kid, I always knew
that because both my parents went to college and most of, I think, my entire
extended family, like all of my aunts and uncles all went to college. And so
going to college was as normal for me as going to high school was, so it was
kind of something I always knew was going to happen.
Although the decision to attend college was highly influenced by parents, this
influence typically was not something participants felt negatively about, as indicated
by Tina: “It didn't feel like a negative thing. It just kind of felt like this is what our
family did, and this is what our people do, is go to college and get a degree.”
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School climate. In addition to shared representations of parental support
among all of the respondents, eight of the nine participants discussed how the climate
of their high schools pushed students toward college through rigorous coursework
offerings, special academic classes, and events that prepared students for the college
application process. As Lily discussed, “My school, they had a very good emphasis on
trying to get people to go to college. So there was college preparedness day, junior
year, where they gave us a lot of information on how you navigate going to college.”
Additionally, three participants—Lindsay, Shelley, and Rosie—discussed how
competitive and academically focused their high schools were. Lindsay enjoyed how
peers focused on academics and shared that this was a reason she stayed in that high
school even though she did not enjoy the social aspect:
Academics was really important to them (my peers). And so it wasn't… I feel
at some high schools, there's a group of kids that are really, really academically
pushing themselves, and at my high school, it was pretty much everyone was
doing that.
Rosie described a negative dimension of this academic-focused peer culture at
her high school:
(It was) definitely competitive when it comes to academics. People are always
trying to get better grades than somebody else. I think it is something they
pride themselves on. It's supposed to be like a college preparatory high school,
so I do think the workload and just the variety of topics and subjects and
different ways of learning kind of are indicative of that.
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In all of the interviews but one, the participants expressed how their school
climate was geared toward attending college. Although Leslie discussed that the
positive element of her high school experience was the academic aspect and that her
school offered AP and honors courses, she did not explicitly discuss how the
atmosphere or climate of her high school pushed students to attend college.
The participants’ stories illustrate how the climate of a high school can
influence decisions to attend college. They attended high schools that intentionally
offered, and had the feasibility of offering, college prep and rigorous courses that
cultivated a college-going environment that seemed to almost eliminate the decision to
go to college; the decision was inherent in their high school culture. The participants’
stories highlight how schools that are able to provide the opportunities discussed place
their students at an advantage when preparing for future professional goals.
Academic preparation. As described above, all of the participants attended
high schools that offered AP courses, and only one attended a high school where the
AP offerings were limited. Eight out of the nine participants described completing at
least one science or math AP course while in high school. Importantly, in spite of
having completed AP and advanced classes, participants reported a mix of
preparedness for college. Six out of nine participants felt that their high schools—
specifically, the level of expectations and rigor of the courses—had prepared them
well for college. These respondents noted in particular how their high school
experiences prepared them to study and to develop time management skills rather than
subject-matter knowledge or skills. For Alice, “I think it was more of the rigor of the
courses and being able to sit through long exams and learning how to study when I
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was fifteen, sixteen. I think that kind of helped me, helped you transition to college.
Studying and just how much time and work it actually is.”
Although many participants felt their high schools adequately prepared them
for college, both Leslie and Barber felt that coursework in high school came fairly
easily, and they did not fully develop the study skills needed for college. As Barber
described it, “I felt severely underprepared in that sense because I really had no idea
how to study.”
The participants’ stories indicate that rigorous high school course offerings,
especially in science and math, may help students transition to the tough first-year
engineering curriculum that is heavily based on such courses. Although the
completion of these classes in high school did seem to ease the transition to college for
some of the participants, it did not automatically mean that students did not struggle in
their first year. Academic preparation was only one component of their experiences
that helped them transition to college and the engineering program.
Engineering exploration. In each interview, participants discussed how they
learned about the field of engineering. Although it was not the exact same path for all
participants, their knowledge of and motivation for pursuing the profession were
influenced by three main factors: affinity for science and math courses, engineering
courses and clubs, and having a network of engineers.
Subject affinity. A strong interest in math and science was communicated in
eight out of nine interviews and was identified as a factor in what influenced
participants to pursue engineering. As Leslie described it, “I was always good at
science and math. I don't know what else I would have done, honestly, apart from
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engineering.” As eight out of the nine participants expressed interest in science and
math courses, it was common among participants to communicate the need to find a
profession that utilized the subjects of science and math without necessarily going into
a health profession. Three participants, Shelley, Lindsay, and Lily, discussed how their
affinity for math and science pushed them to conduct more personal research into what
profession would help them utilize those subjects. This interest in finding a path to
study math and science spurred personal research into professions; Shelley described
her process of learning about engineering:
I would say Google. I wasn't exposed to engineering, but all my friends were
looking at engineering-based things, their parents were engineers, and I wanted
to do something not, I guess, super math or super science-y, but more like a
mixed tracks that you can do. And that's what I felt engineering would be.
Although subject affinity was common across the majority of participants,
Rosie expressed more interest than other respondents in English and theology courses,
which were subjects in which her high school had the strongest curriculum.
The affinity for science and math courses appeared to drive many participants
to learn more about careers that utilize those subjects while they were in high school.
The participants’ stories signify that there could be a disconnect in how students
understand the applicability of science and math skills in specific careers and that
learning how these subjects apply to the profession of engineering through tangible
experiences may help more students determine if this is the profession they wish to
pursue as their career goal.
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Engineering courses and clubs. Four participants expressed that they learned
about the profession of engineering through specific courses or clubs offered through
their high schools. The experiences varied among participants; two (Leslie and Lily)
were involved in a robotics club but no engineering courses, Mia had taken two years
of engineering coursework in high school, and Tina had opportunities to shadow
different engineering professionals. Reflecting on her journey to learn more about
engineering through taking two years’ worth of engineering courses, Mia stated:
And then it wasn't actually until my junior year of high school where it was
recommended to me that I take an engineering course 'cause I didn't even know
what engineering was until I took this course. So once I had a year of this
introduction engineering course, I absolutely loved it 'cause I didn't even know
what I was missing. …I loved the hands-on aspect of our class.
Mia further discussed how it was almost by chance that she became involved
in engineering courses:
They’d put pretty much only boys in that class…I thought that was kind of
weird, especially since there’s a huge push for trying to equal up the playing
field in engineering. But our high school wasn’t really doing anything for that.
Although Lily was involved in the robotics club in high school, she did feel
she was at a disadvantage when she started courses at the university, where there were
some students who had completed much more engineering coursework in high school.
Reflecting on her high school experience, she stated:
My high school, it was by no means a bad school, but having engineering
classes would have made a difference. I have one friend [in college] who went
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to a public school in [State], and he did all this super cool engineering stuff,
showed me projects and things that related to what we’re doing now…he’s
exposed to it so much from high school.
The experiences demonstrate that these courses and clubs may help students
learn about engineering at a time when it could make a difference to which major they
select in college as well as provide them a baseline knowledge of terminology and
concepts that could help them as they start an engineering program, which does not
provide much flexibility. These participants’ responses suggest that engineering
courses in high school could give students a foundation regarding what the profession
entails and common terminology that could help them more smoothly transition to the
rigors and expectations of the program.
Network of engineers. Although a variety of reasons were given as to why
they selected engineering as their future career, it was common for participants (six
out of nine) to have had a parent or family friend who was in engineering or a related
field. This aligns with survey data showing that parents were among the top reasons
female students selected engineering as a future career and engineering as a major.
Moreover, access to a network of engineers helped four of the participants learn more
about the profession of engineering; through those connections, they gained insight
into what engineers actually do in the workforce.
Tina’s father works in an engineering firm; therefore, she learned of the
profession “through my father's work friends and the people we ended up hanging out
with. A bunch of them actually are geologists, too, or work in adjacent fields but
interact a lot with engineers.” Not only did she have access through her father’s
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workplace, but her mother had a strong interest in design, which led to the discovery
of architecture, a field closely related to engineering.
Conversely, Mia, who has an extended family member who is an engineer, did
not really learn about engineering and what engineers do until she took a course in
high school. She reflected, “Yeah, it is kind of funny. He never really brought up his
work with me until he knew that I was going to be into engineering.”
The participants’ stories indicate that their awareness of engineering as a
profession that people with an affinity for science and math often pursued increased by
having a family member with an engineering background, but knowledge of what the
job actually entails did not necessarily increase. The stories also show that a network
of engineers can help enhance students’ awareness of the profession, but more
opportunities to learn about how engineers apply science and math in their daily tasks
could foster a greater understanding of the profession prior to college.
Do I belong here?. As participants progressed through high school and into
their college years, at times they questioned their sense of belonging as the type of
individual who pursues engineering and what their place was among their peers. Their
sense of belonging as an engineering major was both negatively and positively
influenced by their experiences in college.
Triggering events. Although the participants did not frequently experience
triggering events related to their gender, five out of nine related stories that negatively
impacted their experience as an engineering major and their feelings about their future
profession. In addition, four out of those five participants’ triggering events happened
early in their university careers.
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Mia, whose father works in construction, grew up using power tools and was
extremely familiar with how they worked. In the introduction to engineering course,
she was working in a group where she was the only woman. At one point, a power tool
was necessary to move forward with the project, and she naturally picked it up to use.
One of her male group members instantly reached for it, and she remembered him
stating, “Oh, here, let the man take care of the hard work” or something similar to that.
While Mia reported having the tool physically taken away, another participant,
Alice, discussed how she felt her group, made up primarily of males, seemed to
always be questioning her opinions and, as she described it, would “collaborate as bros
and guys and do that. I was kind of…not kind of—I was very upset about it because I
was the one that ended up writing most of the reports and doing the majority of
things.” Not only did she feel a sense of exclusion because she was a girl, but so did
other female classmates who commiserated with her on the topic.
In an engineering major class where she was the only female, Shelley felt that
she wasn’t taken seriously and that the male professor talked more condescendingly to
her than to her peers. At times, the professor would say, “Oh, some people don't know
why they're here, like you,” and Shelley expressed how “that's hurtful, but I just
pushed through it, and I just tried my best, and that's all you can do in a situation.”
Lindsay described how she was harassed by a male classmate during one
engineering class. Although the experience was distressing at the time, she didn’t
realize that it was something she could talk to someone about or be upset about.
Reflecting on that experience, she stated, “I'd say at the start that really made me feel
like I wasn't…I didn't want to be in that program. But then I also was like I don't know
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what I would switch to, so stick it out, and then I ended up having, like, more positive
experiences down the road.”
While Lindsay experienced a triggering event in the classroom that negatively
influenced her attitude toward engineering, Leslie experienced a triggering event later
on in her academic journey. During an internship, she “was told I couldn't go out with
survey because I was a girl, and they might make me lift heavy things.” This
experience of sexism and witnessing homophobia in that workplace led to Leslie not
pursuing an extended internship with that organization.
In communicating these lived experiences, the participants demonstrated that
the culture of engineering spaces can be demotivating factors in regard to retention of
women in this major. The triggering events, from negative stereotypic interactions
with peers in group work to blatant sexual harassment at an internship, created
moments on their journeys to becoming engineers that made them question their path
specifically because they felt “othered” as females in an engineering space.
The inclusion of qualifiers from four out of five participants when telling their
stories around their triggering events is notable. They prefaced or qualified the stories
with statements that called their own feelings or perceptions into question. For
example, when asked if she had experienced any barriers to her success in
engineering, Alice answered that she had “kind of” had these experiences but
wondered if her own interpretations were contributing to her perception: “I don't know
if it's me reading into it because I've read the articles about women in engineering, and
I don't know if that's my mind tricking me or if I've experienced it.”
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From a different perspective, in telling her story, Mia excused her male
classmate, stating, “I don't think (taking the tool away) was with bad intent. I think it
was more of a joke.”
In reflecting on her exclusion from decision making, Lindsay stated that she
felt the need to minimize disruption in the group, “and as a girl, like, I knew that I kind
of had that girl card, and I didn't really want to play it. I was pretty, like, committed to
just sort of being, like, nonconfrontational and unproblematic.”
In providing qualifiers, the participants utilized language that shifted
accountability away from those individuals who caused their discomfort and to
themselves. In these cases, the participants were questioning whether or not they were
allowed to think that these experiences could be attributed to being female in
engineering spaces.
Representation matters. The participants frequently described their sense of
being in the minority relating to gender breakdown in the classroom, as well as
recognizing the disparity in gender representation in the engineering workforce. As
students who were frequently underrepresented in the classroom in regard to gender,
they felt it was meaningful to their experiences when they saw women in leadership
roles such as professors. Not only was it powerful in terms of “seeing themselves” in
these role models, but it helped to provide an invaluable source of support and sense
of belonging.
The university has several female professors within the School of Engineering,
as well as the another STEM department. In survey responses, female students
selected the reason they chose their current major as being because they had found a
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faculty mentor within that major. This data aligns with interview data describing the
positive influence of female engineering faculty on participants’ experiences.
Mia described the impact of female engineering professors as “it's just helpful
to be able to see somebody in a position above you that has gone through what you're
going through and been very successful—who looks like you, is a woman. Being able
to have those role models and being able to speak with them.”
Lily provides further insight into resonating with female role models:
It's cool to have women role models and share their experience. One female
professor in particular told me it was sometimes hard in the workforce because
she did feel what she was doing was overlooked by certain employers, and she
put that as being female.
When asked if any professors have stood out as influencing their time at the
university, six out of the nine participants identified female professors in STEM
disciplines. While several participants discussed the ways in which female role models
provided a sense of belonging within the engineering community, Leslie stated how
the lack of representation did her a disservice in her internship experience. She
reached out to engineering professionals to get their perspectives on how she could
have resolved a situation involving perceived sexism; however, she did not fully feel
she could “trust their experience” as they were all male, and she “never really had the
opportunity to talk to a female engineer about it.” Lindsay also stated that the lack of
gender representation in the profession led to her looking for a graduate program that
provided gender diversity.
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The importance of representation of females in engineering majors and the
profession was expressed by seven of the nine participants, who enjoyed their
experience at the university and felt that the School of Engineering actively took a role
in trying to diversify the demographics of their professoriate. When asked for any last
thoughts on what influences students’ retention in engineering majors, Lindsay stated:
And then the second thing would be representation. I have had definitely two,
probably adding to that, three or four, really knockout, great female professors
at the university, in the engineering school at university, and more beyond that,
for sure. And I think that's been super, super helpful for me, just seeing, like,
myself in them and seeing that I'm represented.
The participants’ comments illustrate the importance of seeing someone like
themselves in the role they wish to obtain and that the goal seems more feasible if that
representation is present in one’s experience. The participants could literally see and
speak to women who had completed engineering education and were successful both
academically and in the workforce, which gave them more confidence that they could
be just like the professors they looked up to in the program.
Academic experience. The university is a small liberal arts school that
incorporates a variety of coursework into each major to develop well-rounded
students. Although the engineering department is still rooted in the liberal arts
philosophy, the structure of the curriculum is prescribed, without much room to
explore classes outside of the course sequencing. The engineering majors are known
for their rigorous course loads that require a significant amount of dedication.
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Rigidity of engineering majors. The course sequences for engineering majors
are rigid in that students must complete coursework in a specific order to progress.
This includes prerequisite science and math courses early in the curriculum. In
addition, the engineering major course sequences do not leave much room for
exploration of coursework outside of the major, which is unique to engineering majors
at the institution; students from other majors, including STEM majors, have more
flexibility in what elective courses they can complete. This rigidity for engineering
majors influenced four of the nine participants and was a driving force behind Alice’s
decision to change her major from engineering to another STEM discipline:
I was starting to make my schedule for fall semester, and I was fitting together
all of the engineering classes I had to take and all the math I had to take. My
schedule just looked awful, and I was realizing I really wanted to take a history
course or take an economics course and other things I was interested in, but I
just wasn't able to because the civil engineering schedule is so rigid.
After speaking with her brother, Alice determined that she wanted time to
explore other coursework outside of engineering and elected to change her major at
the end of her freshman year.
Another participant, Barber, has two passions that she wishes to align with her
future professional goals; therefore, she is pursuing a minor in a secondary field that is
outside of engineering. This has been a difficult experience for Barber, who feels that
the rigidity of the engineering curriculum makes it difficult for students to pursue
minors, especially if they are outside of engineering. Barber described how the School
of Engineering pushes hard for students to graduate within four years, and that makes

71

it difficult for anyone who wishes to pursue a non-engineering minor. In fact, Barber
remembered an advisor mentioning that she should stop “wasting time” on the other
coursework and concentrate solely on her engineering classes.
Tina has been able to complete coursework outside of engineering; however, it
has taken some ingenuity on her part to accomplish this task:
So I have a minor, and I have really loved that, but it's kind of been a challenge
fighting for classes to count, and it's some bureaucracy with the school about
what can count for a minor, but I think I've got it on lock. Fingers crossed that
nothing comes up this last year.
The rigidity of the engineering major can make it difficult for students to
explore subjects outside of the core curriculum. The exploration of, or melding of
engineering with, other subjects was an interest for these four participants and a
driving factor for one participant to switch out of the engineering major. These stories
indicate that the engineering department may be losing bright students due to a lack of
opportunity to take courses outside of the engineering curriculum.
Rigor of engineering majors. Even though eight of the nine participants
explicitly expressed an affinity toward science and math courses, as well as completed
at least one science or math AP course in high school, they still found the engineering
program difficult. All of the participants expressed how rigorous the engineering
coursework is and how, at times, the major was very stressful. When reflecting upon
the first year as an engineering major, Lindsay said, “All of a sudden, I was kind of
getting things thrown at me in all directions,” while Leslie described the start of
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engineering as “a new playing field.” Mia, a recent graduate, described the rigor of
junior year specifically:
There were times where I just wanted to give up. There was actually one time
where I was calling my mom on the phone, bawling, saying, "Mom, I want to
take leave of absence or something. I don't think I can do this." And I know
that year was hard on everybody, but I'd say it was probably just the rigor and
how hard I felt I was working. And when comparing it to maybe some of my
friends that were in different majors who had different experiences, maybe
they had more free time, or they weren't losing it mentally because they just
couldn't grasp this concept and were doing terrible in their class.
Participants were not used to getting lower grades, leading to anxiety in the
engineering program; therefore, participants like Rosie “didn't really know how to
struggle and fail academically.” Lindsay described it as:
It was interesting; it was a transition, for sure, freshman year. I had never
gotten any test score lower than, like, an A minus or a B, and I was, like,
automatically getting Ds in my physics class. And, like, everyone else was too.
So I didn't feel too bad about it. But it was definitely kind of a new thing to
come home with, like, a 3.3 GPA instead of 3.98 like I had been used to. I
guess that was…that transition from being really good at my high school
classes and never struggling.
Barber felt that the workload in engineering courses was significantly higher
than in other classes. She discussed how she was told to treat a three or four-credit
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hour course as an eight-credit hour course due to the sheer time and dedication needed
to be successful.
The participants’ reflections regarding the difficult workload of the
engineering program, especially in the first year, illustrate that the freshman year may
be a pivotal point in which students may leave the major. In almost all of the
participants’ cases, they had completed AP coursework, which is advised as
appropriate preparation for going into a rigorous college major. However, these
experiences indicate that extra resources may be needed for first-year students in the
program and may need to be tailored depending on the student’s academic
background.
Community. The small size of the university was an aspect that appealed to
the majority of participants. Although six out of nine participants were drawn to the
small classes and size of student body, it was the overall “small feel” of the school and
the benefits students gain from that environment that the participants were most
interested in. They wanted to attend a school where they could develop relationships
with peers and faculty.
Although the rigor of an engineering major made it difficult for many
participants to formally join clubs, the structure of clubs and organizations on campus
is open to informal participation. The events held in many clubs are open to all and are
not structured so formally that students must attend every meeting. Shelley described
her experience with activities this way:
But I feel like the activities around campus is they're all open to any student.
There's always something you can do. Yeah, you can decide to go to a club
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meeting, they have free food, you learn something new, and they have a lot of
free food activities around campus or social events. And I think those
experiences help you to not feel so alone at school, and you feel like there is a
community, there are people, and we're just here doing what we love and
having fun. And I just think there's a good balance at our school of clubs and
activities you can join, and everyone's welcoming.
Alice was also drawn to the small school but didn’t realize what that meant
until she was actually at the university. She said:
I chose this university because I wanted the community, and I wanted the small
atmosphere, and I kind of went in telling myself that and not really knowing
what that meant. Especially after this entire first year, every single professor
knew my name a month or two into school, which in no way would I have
gotten that at a big state school.
The community at the university was an important aspect for many of the
participants; however, Leslie, a student of color, noticed the lack of diversity at the
university. It did not greatly influence her experience there; however, it was a
component of her experience that she distinctly remembers as “interesting.” It stood
out to her the most when she was in a class discussing racism, and there wasn’t one
other student of color in the room. She remembers being one of only three or four
students of the same ethnicity on campus. Although she didn’t feel that this negatively
impacted her experiences, she stated, “So it felt like there was so little of us. We had
to pack together” and how knowing those students made her experience “more fun.”
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In addition, the diversity of a university was something she looked at when
considering graduate school programs.
The community associated with the university was a positive experience for
the majority of participants; however, Leslie’s lived experience illustrates the
importance that universities should place on diversifying their student body so that
students do not feel a sense of exclusion in spaces on campus. In addition to the
importance of helping each student feel seen on campus, Leslie’s story highlights the
impact diversity has in the classroom learning experience.
Engineering community. The development of a community with engineering
peers and faculty influenced seven out of nine participants’ experiences at the
university. In several ways, participants could develop relationships with engineering
peers, faculty, and professionals that helped them succeed academically in their
engineering majors. By completing rigorous coursework together, studying in groups,
and participating in engineering-related organizations, the participants emphasized the
positive influence of their engineering community located within the larger
community structure of the university.
Participants also developed strong friendships with their engineering peers as
they had similar interests and spent so much time together; five interviewees
expressed that their closest friends were other engineering students. Even for two
participants who had friends from a wider range of disciplines, the connection with
their engineering peers was strong. Mia described the connection among engineering
students this way:

76

I would say my peers were a huge part of helping me through junior year. You
would see us all in the library, even on Saturdays, almost all day. And then on
Sundays. You spend every day in the library. And being able to have study
partners and people who are struggling with you so you know that you're not
the only one struggling, everybody else around you in your same position is
working just as hard and feels just as frustrated. Being able to kind of have that
support group right there with you in the trenches was huge.
Mia’s quote illustrates the importance of peers and, specifically, study groups.
The use of study groups was mentioned by five out of the nine participants as helping
them be successful in their engineering courses, which was also identified in the
survey as an academic support that female students participated in more frequently
than their male peers.
Although not all participants described actively participating in the Society of
Women Engineers (SWE) organization on campus, it was influential for four of the
participants. Mia discussed how the School of Engineering sends out an e-mail to all
freshman women notifying them about the organization and how to participate. Lily,
Tina, Mia, and Rosie were all involved with the society and felt that it positively
influenced their university experience. Lily stressed how important the organization
has been to her professional development and that it helped her obtain a competitive
internship over the summer:
I'm so grateful for SWE as an organization, Society of Women Engineers. I
started getting a lot more involved last year, toward the end of last year, and
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this year [have] been super involved. I have learned so much just about career
and personal development. I do not think I would have gained without it.
The SWE seems to not only build professional acumen but also social
relationships among peers, as described by Rosie when she stated, “I found that to be a
really good experience to have. Again, that community.”
Although Tina was involved with SWE in college, she actually had
interactions with the organization while in high school. She volunteered at an event as
a high school student and was impressed with the women involved in the organization.
Upon reflection, Tina said:
It was cool to see an organization run by women for women, too, and it was...
Because I went to public school, and so everything was kind of for everybody,
and there was always dudes mixed in. But it was really cool to be able to set
aside, "Actually, this is our time to cultivate these people," and I felt very
valued by that.
Tina continued her participation with SWE while at the university, especially
during her sophomore and junior years.
Although the close engineering community was regarded as beneficial, it could
come with a downside as well. For Barber, it was difficult at first to develop
relationships with others in the male-dominated environment of engineering. In
addition, she was unable to actively participate in clubs during her freshman year,
which added to the difficulty of developing relationships. Even though she did not feel
quite as strong of an affiliation with friends within the engineering major, she was able
to cultivate friendships, specifically female friendships, by getting involved in a
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female religious organization on campus, developing rapport with one of her female
professors, and getting involved with fitness classes.
The strong connection among peers in the engineering school provided
participants with a solid support system that helped them succeed in a rigorous major
and develop friendships that enhanced their social experience at the university.
Although this was an aspect of several participants’ experiences, Barber’s story
illustrates that if a student does not connect strongly with engineering peers, especially
as a woman, it may be difficult to build a support system.
Invaluable faculty support. The participants all discussed how positive, and
sometimes negative, faculty interactions influenced their experiences at the university.
Throughout the interviews, participants related anecdotal stories about interactions
with faculty at the university, both within and outside the school of engineering. Out
of twenty anecdotal stories, only two participants conveyed negative interactions with
an engineering faculty member, while at least two participants conveyed negative
experiences with faculty in a specific STEM discipline outside of the engineering
department. In these stories, three referenced faculty in another STEM discipline as
positively influencing their experience at the university. The participants also
discussed several ways in which faculty influenced their experiences in and out of
class. Thus, it is clear that their interactions with faculty were extremely important in
their decisions to stay or leave an engineering major.
In every interview, the participant at one point expressed that at least one
faculty member stood out as someone who really supported her during her journey at
the university. A common form of support was simply being accessible and available
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for questions about academics or personal matters. Shelley broke it down to two
simple but important aspects of the interaction with faculty: they “want us to succeed”
and “really care about their students.” This was a sentiment conveyed by all
participants, albeit in a variety of terms and descriptions.
Faculty members showed that they wanted their students to succeed and that
they cared about each of them through a variety of actions. One important way was by
paying attention to their students’ interests or, in some cases, when the student was
struggling. Lindsay described how, early on, she was starting to question whether or
not she should stay in engineering. She was taking a chemistry course and enjoying it
while simultaneously not recognizing a place for her in engineering. At that same
time, she began taking a course with a professor in engineering who showed her
different paths within the field that she might be interested in. The fact that the
professor specifically noticed her questioning whether to pursue engineering while
guiding and mentoring her was really influential to Lindsay’s experience at the
university and, specifically, within an engineering major. Lindsay stated:
So, like, every student to her, she recognizes their unique path, their unique
skills, what they might be struggling with, and she like just pinpoints those.
And then she knows, she just knows how to help you… And so for me, it was
like she could tell, I'm sure, that I wasn't really ingrained in any one path yet.
And then she saw that I really enjoyed engineering, and so she just set up, like,
opportunity after opportunity for me.
It can be difficult for students who do not automatically know their exact niche
in engineering or if their goal is slightly different than the majority of students in
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engineering. For Barber, whose career ambition in engineering is different than the
majority of her peers, it was influential that one of the engineering professors
recognized her goal. She stated, “So he has been one of my professors who has really
listened to what I wanted to do and tried to relate to me on that.”
In contrast, the negative experiences with faculty were fewer but had an impact
on participants’ experience at the university. For Rosie, it was difficult to be struggling
in a class where it felt that the professor did not understand why students did not grasp
the material. In addition, the professor would set his office hours during their lab time.
Reflecting on that experience, Rosie stated, “It's kind of a sign that he doesn't want
you to go to them (the office hours).” The difficulty of the course combined with the
interactions with the professor had her contemplating whether she should remain an
engineering major.
The participants’ stories emphasize how influential faculty interaction is on a
student’s university experience. Although faculty members’ friendliness and
accessibility were valued by the participants, their experiences indicate that the most
influential interactions were when the faculty noticed their unique journeys and
provided help or resources to keep them moving forward on their paths.
Financial considerations. A commonality among eight of the nine
participants’ stories was that they did not feel an overwhelming amount of stress
related to paying for college as many of them received scholarships or had parents
who could help them financially; therefore, many of these participants reported only
needing to take out a limited amount in loans. In seven of the eight cases, the
participants had the support of their families and received scholarship money that
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enabled them to attend the university without finances causing enough stress to
negatively influence their academic experience. In Leslie’s case, her family was able
to pay for the cost of university, and finances were not a source of stress.
In contrast, Barber’s story is an outlier in these interviews. The financial stress
has had a negative influence on her experience at the university. In Barber’s interview,
she discussed how her friends were headed to an off campus event and told her to just
have her parents pay for the ticket. Although her parents try to help her as much as
possible, such expenses are difficult for her family: “I've been one of five people in
my family; four of us are going to be going to college next year.”
The participants’ stories denote that family background, socioeconomic status,
and scholarships are influential on stress related to the consideration of finances.
Although all of the participants except one communicated that finances played a role
in their schooling, only one participant was actively stressed about finances and
communicated how that negatively influenced her experience at the university.
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Chapter 5: Discussion
The purpose of this mixed-methods study was to identify and explore factors
influencing the retention of women in undergraduate engineering majors. The study
aimed to answer two research questions:
1. What factors do women in engineering majors identify as influencing their
retention?
2. In telling their stories, how do women’s experiences affect their decisions
to stay in or leave engineering majors?
To answer these research questions, data was gathered through a survey and
semi-structured interviews. The survey was sent to 640 current students who were
majoring or in the past majored in an engineering major which resulted in the analysis
of 76 responses, and the nine interview participants met the selection criteria if they
identified as a current or former female engineering student. The primarily
quantitative-input/qualitative-output MMR design helped in identifying factors
influencing retention of women in undergraduate engineering majors and purposefully
selecting participants. The qualitative output portion of the study provided a way to
explore the lived experiences of these participants through their own voices.
The findings are discussed following the order of Kerby’s conceptual
framework from pre-college to college factors. The themes were analyzed in relation
to previous literature, the theoretical framework, and other inductively derived themes.
Research Question 1
Survey. The first research question was answered via the survey results. At
first, it may not be apparent how pre-college factors influence student retention;
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however, previous research has shown that students’ background is a precursor to how
they will interact and develop a sense of belonging once they are in the college setting
(Kerby, 2015). The identification of factors that influenced participants’ decisions to
attend college, who influenced them to pursue a career in engineering, and their
reasons both for pursuing a career in engineering and for applying to the specific
university provided an initial understanding of how their backgrounds may influence
their interactions or experiences that impact their decisions to stay or leave the
engineering major.
The survey participants, both female and male, identified the same top three
people who influenced them to apply to college and to pursue a career in engineering:
parents/legal guardians, high school teachers, and friends. These results align with
previous research that has found family members to be the most influential individuals
in students’ decisions to go to college and which career they choose (Oymak &
Hudson, 2018). In some cases, survey respondents provided more detailed answers as
to who encouraged them to apply such as, “It was assumed in my high school that
most to all students would continue their education,” “literally everyone,” “pretty
much everyone who had high expectations or saw me being very successful in the
future,” and “when you attend a college preparatory high school, it is implied that you
will go to college” (survey respondents, personal communication, April, 2019).
Additionally, both female and male survey participants received limited
discouragement toward attending college or pursuing a career in engineering.
The data showed that females and males also selected the same top three
reasons for pursuing a career in engineering: financial rewards, personal research, and
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parent/guardian influence. The importance of parental support and influence have been
found to be major contributors to career choice, especially for STEM careers
(Microsoft, 2018.; Dorie & Cardella, 2013; Buschor; Berweger, Frei, & Kappler,
2014). However, more men than women selected personal research as to why they
chose to pursue a career in engineering. The participants did not select high school
teachers in their top three reasons for this category; nonetheless, more women than
men selected that reason overall, and more males than females selected a mentor as the
reason they chose to pursue a career in engineering. These findings indicate there may
be a larger environmental component as to why females select high school teachers
more than mentors as the reason they pursued a career in engineering. Although the
data showed slight variation in these two findings, it requires further exploration as the
survey data size was too small to make generalizations, and the findings were not
statistically significant.
Finally, female and male survey respondents selected the same top reasons for
attending this university: academic programs, scholarships, and location.
Overall, the survey did not produce data indicating a difference in pre-college
factors that influence retention by gender that rose to the level of statistical
significance. This indicates that female and male engineering majors who responded
to the survey were closely aligned in regard to who influenced their decision to apply
to college, who influenced them to pursue a career in engineering, their reasons for
pursuing a career in engineering, and why they selected the university.
Although pre-college factors were very similar between female and male
engineering major survey respondents, the analysis of the college factor data showed
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both similarities and differences. For questions about why they selected their major
and what would make them stay or leave their majors, female and male students
identified the same motivations and reasons. However, the analysis of survey data did
illuminate differences between female and male survey respondents when measuring
two domains: academic experience/faculty interaction and campus social environment.
In the academic experience and faculty interaction domain, women survey
respondents participated in studying in groups outside of class at a statistically
significant higher rate than their male peers. Working in supportive peer groups has
been shown to increase the sense of belonging for women in STEM majors (Felder et
al, 1995). In addition, differences between genders arose in the domain measuring
campus social environment. Women were more likely to agree with the statements that
they were enthusiastic about the university and that, if asked, they would recommend
this university to others. Considering this in light of the data showing that female
engineering students study in groups outside of class more frequently than their male
peers, a possible explanation could be that the female participants have been able to
socially integrate more than the male engineering survey respondents at the university.
In relation to retention, it has been shown that students who can integrate socially on a
campus are more likely to persist than others (Kerby, 2015; Spady, 1970; Tinto, 1975;
Bean, 1985).
Research Question 2
Interviews. The second research question was answered through the analysis
of nine semi-structured interviews with female engineering students produced seven
overarching themes: college-going environments, engineering exploration, do I belong
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here?, academic experience, community, invaluable faculty support, and financial
considerations.
Parental support and expectations. The interviews provided a way for
participants’ to communicate more in-depth information in their own words, which
helped in understanding how pre-college experiences formed a foundation for
pursuing a college degree and a career in engineering. When telling their stories, the
participants emphasized how influential their parents were in deciding to pursue a
college degree. As all of the participants grew up in a household where at least one
parent had attended college, and the participants expressed an overall feeling that
attending college was inevitable in a positive way; they really did not consider other
options. A student’s family background and socioeconomic status have an impact on
whether or not they pursue higher education (Tinto, 1993; Mehta, Newbold, &
O’Roarke, 2011). In addition, a parent’s educational background impacts family
income levels as well as a student’s view toward pursuing higher education (Mehta,
Newbold, & O’Rourke, 2011). As Tina explained when discussing the aspect that it
was always assumed in her family that she would attend college:
It didn't feel like a negative thing. It just kind of felt like this is what our family
did and this is what our people do, is go to college and get a degree. And we
had the resources to do that, and so it was like, "All right, yup. We'll do it. It'll
be great for us. It'll be great for everybody else."
In this study, all nine female interview participants were not first-generation
students, and of the 76 female and male survey participants, only 8% were firstgeneration students. As a study through the US Department of Education by Cataldi,
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Bennett, Chen, and RTI International (2018) shows, first-generation students face
barriers in access to higher education, may not attend college directly out of high
school, and attend college at a lower rate than their peers who had parents who
completed a bachelor’s degree. As the majority of survey respondents were not firstgeneration students, their answers in regard to who influenced them to apply to college
support the research that shows these students benefited from their parents’ journeys
through college, which serves as cultural capital that first-generation students do not
have access to in their backgrounds (Cataldi et al., 2018). Tina’s quote regarding the
assumptive aspect of her experience growing up in a home environment geared toward
going to college matches the idea of cultural capital that continuing-generational
students have access to in their lives (Cataldi et al., 2018).
School climate and academic preparation. While the participants’ home lives
were geared toward going to college, that pathway was reinforced through their school
climates and academic preparation. Although not every high school was considered
competitive, the participants were all offered AP coursework, and each completed at
least one AP course (for eight of the nine, this was an AP science or math course). As
previous research indicates, the completion of AP coursework, specifically in the areas
of science and math, helps prepare students for and motivates them to pursue
engineering programs (Robinson, 2003; Smith et al., 2018; Griffith 2010).
Additionally, women pursuing a bachelor’s degree in engineering are more likely to
complete the degree if they have completed an AP STEM exam (Smith et al., 2018).
In all interviews, participants felt that their high schools cultivated a collegegoing atmosphere, where most students felt that college was the next step after
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graduation. The combination of parental support, school climate, and academic
preparation provided the participants with an environment that encouraged them
toward college in multiple ways.
Engineering exploration. While the participants all grew up in college-going
environments, their knowledge of the profession of engineering varied; therefore, that
knowledge was gained through several exploratory avenues. The love of science and
math was conveyed in all but one participant’s story. This affinity for science and
math courses led participants to consider engineering, and a few conducted their own
research to find that engineering utilized those subjects. As the majority of participants
expressed interest and talent for science and math courses, it could be that they had
developed greater self-efficacy in regard to their ability in science and math; therefore,
they selected engineering as a career path by the end of their high school careers (Cass
et al, 2011; Heilbronner, 2013). This is consistent with research indicating that interest
is a leading influencing factor for why students select a career in engineering or a
STEM discipline and that self-efficacy influences women’s decisions to pursue STEM
majors (Heilbronner, 2013; Buschor et al, 2014).
In the survey, both female and male respondents stated personal research as
one of the top reasons they selected engineering as a career. The interview data helps
support the survey data that personal research may be an influential factor in students’
motivation toward a career in engineering. While an affinity for science and math
subjects drew many participants toward the field, several other factors were also
influential. Six of the nine participants had a family member who was an engineer.
Although this did not automatically equate to more knowledge about the profession, it
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was another factor that helped some participants connect their subject affinity to an
actual profession, which is consistent with previous literature showing that parents
who are engineers may transmit their knowledge of and interest in the profession to
their children (Dorie & Cardella, 2013).
In addition to subject affinity and family members, four participants either
completed engineering courses or were involved in a robotics club in high school. As
research shows, hands-on experiences and participation in STEM clubs help students
learn more about the profession and see themselves in that career (Microsoft, 2018).
Female students who participate in STEM clubs and activities understand the
engineering profession 22% more than their female peers who do not participate in
these activities.
The courses and clubs exposed these four participants to more information
about the profession of engineering; however, it was really only one participant who
was able to participate in impactful, hands-on experiences that really demonstrated
what the profession of engineering involves. In this case, the engineering courses and
clubs provided a baseline exposure to the profession but did not provide depth that
could have been more helpful as participants progressed into college engineering
programs.
Triggering events. As participants progressed from high school to college, a
combination of their academic and social experiences influenced their decisions to
stay or leave engineering majors. The interviews illuminated how specific triggering
events posed barriers to their success or influenced their decisions to stay in their
major. These triggering events all centered around interactions within male-dominated

90

environments. In the cases of Lindsay, Mia, and Alice, their triggering events all
occurred in early engineering courses where they had to work within groups. Although
literature has illustrated that women like to work in groups (Felder, et al, 1995), it has
also been shown to cause stress and anxiety. As Laeser et al. (2003) have found, group
work within environments that have historically been and currently are maledominated may need extra development. In each of these participants’ stories, they
mention how those challenging experiences were really the only significant memories
of negative experiences between genders.
In four out of the five stories around triggering events, the participants
provided qualifiers to their perceptions of the event that mitigated its gendered aspect.
As Logel et al. (2009) have found, women who experience sexism by men in
engineering courses usually detect this behavior and will sometimes suppress the
connection to stereotypical behaviors. Although this same study found that these
experiences can negatively influence women’s performance in STEM coursework, the
participants in this study were still able to overcome this barrier and be successful in
their majors. As Alice discussed, she was proud that she significantly contributed to
her team’s successful project grade.
As Shelley described her triggering event, it was clear that language can
impact one’s experience. It has been shown that gender-exclusive language negatively
influences women’s motivation to stay in certain environments (Stout & Dasgupta,
2011). Shelley felt excluded and hurt when one of her STEM professors
communicated in a condescending manner toward her. This experience was amplified
as she was one of the only females in the class.
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Representation Matters. The triggering events are indicative of the larger issue
of women being in the minority in many STEM environments, both with peers and
faculty. In seven of nine participant stories, the importance of female representation
was apparent. As shown in previous research, role models and mentors that look like a
subject help in creating a sense of belonging in an environment and demonstrate that
the path one is on is accessible and open to one’s success (Microsoft, 2018; Dennehy
& Dasgupta, 2017; Dasgupta & Asgani, 2004). The participants expressed how
impactful it was that they saw women in leadership positions within the School of
Engineering as well as female faculty members in their STEM coursework. The
inclusion of female leaders in engineering and other STEM disciplines at the
university may have reduced stereotypic beliefs that typically hinder women’s
progression in such environments (Dasgupta & Asgani, 2004).
Although there was one interview participant who did not persist in
engineering, she moved into another STEM discipline with high female
representation. This means that all nine participants have persisted in their engineering
majors thus far, and the majority of them communicated the positive influence of
having females represented in leadership and faculty positions. As Tina indicated, the
School of Engineering has made a concerted effort to hire female faculty, and this
philosophy seems to have positively influenced female students within the program.
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Rigor of Engineering Majors. The participants expressed how difficult the
engineering curriculum was and how this created a tough transition during the first
year of the program as they were used to obtaining high grades in high school but
started receiving lower grades in their STEM college coursework. Previous research
has shown that women rate their academic preparedness lower than their male peers
and are more likely to drop out of engineering rather than repeat an engineering course
that they had failed, all while attributing their setbacks to internal rather than external
factors (Felder et al., 1995). Although participants expressed stress and anxiety over
the rigors of the curriculum, they appeared to overcome this barrier to retention
through peer study groups and faculty support.
Community. The participants frequently discussed how the community feel
and small-sized university benefited them in regard to their experiences in and outside
of engineering. Although participants asserted that the rigor of the engineering
program limited their ability to formally join many clubs, the majority expressed that
they were able to make friends and participate in social activities as most clubs and
activities did not require formal membership. The participants also expressed that
having peers who were also struggling and came together to study was a powerful
factor in their success.
As Shapiro (2011) found, it appeared that the participants were not only friends
with same-gender engineering students, but had many friends with engineering
students of any gender. The participants’ stories did not indicate the exact gender
breakdown of their study groups, and the gender breakdown within their friend groups
was mixed. For example, Lindsay indicated that many of her male friends were
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engineering students, while Lily built a really strong friendship with another female
engineering student. From their stories, it appeared that the majority of participants
bonded with other engineering students based upon shared interest in the subject
matter rather than gender playing a large role. As indicated in the interviews, the
support of engineering peers aided in participant success in engineering, supporting
Shapiro’s (2011) work in that same-major friendships is among factors that aid in
academic confidence (p. 154). The gender composition of study and friend
engineering groups seems an area open to future research.
However, the Society of Women in Engineering did benefit some of the
participants’ experiences at the university. The organization served as an important
way to see women in leadership positions and learn about professional opportunities
within engineering. It was an avenue that provided a shared experience, which has
been shown to support female students’ success in engineering majors (Wasburn &
Miller, 2004–2005).
Invaluable faculty interaction. The participants’ stories showed that their
interaction with faculty was extremely influential in their retention within engineering.
As previous sociological retention theories have shown (Spady, 1970; Tinto, 1975;
Bean, 1985), faculty interaction is a pivotal factor in retaining students, and this
finding was supported by this study. The participants typically expressed this factor
through anecdotal stories related to a time when they were considering switching
majors. In many cases, participants expressed how a faculty member noticed
something specific about them as a student and their individual academic journey,
which made a difference in their experience and their ultimate decision to stay in an
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engineering major and professional path. In Lindsay and Leslie’s cases, they were
both struggling with finding their path in engineering, and it was the specific notice by
and assistance from faculty that led them to stay in the major and pursue graduate
school afterward.
As indicated by Drury, Siy, and Cheryan (2011), both male and female faculty
mentors can play a role in the retention of female engineering students. Although
participants cited faculty of both genders who positively influenced their experiences
as an engineering major, many did express how helpful the female STEM faculty
members were in their academic and personal development. As previously discussed,
female representation helps participants “see” themselves in women who have been
successful in their STEM journeys. This was aptly captured by Lindsay, who stated:
I have had definitely two, probably adding to that, three or four, really
knockout, great female professors at the university, in the engineering school at
university and more beyond that, for sure. And I think that's been super, super
helpful for me, just seeing, like, myself in them and seeing that I'm
represented… Having, like, female professors that I could look up to definitely
helped me feel like I had a place there.
Critical Engineering Agency
The survey responses provided an overview of which factors were identified as
influencing participants’ college-going decisions and motivation to pursue a career in
engineering. The narrative analysis of the interviews provided a way to understand,
through participants’ voices, how women’s experiences in high school influenced their
decision to pursue college and engineering majors. Moreover, the pre-college factors
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and experiences allowed an initial understanding of the participants’ development of
CEA (Godwin & Potvin, 2015) and how their experiences build upon one another as
they begin their college careers in engineering majors.
Individuals’ early development can influence their ability to interact in a
variety of important areas at the university and can build early identity and agency
within the engineering environment (Kerby, 2015; Godwin & Potvin, 2017). As the
participants’ stories continued through college, they indicated how their CEA
increases over time. This increasing agency may be an important explanation for why
eight of the nine participants have remained in an engineering major.
As stated by Godwin et al. (2016), an interest in specific subjects plays a role
in whether or not a student pursues a career in engineering. All participants but one
mentioned their affinity for science and math courses, which led them to consider
fields that utilize the concepts from those subjects. This encouraged three participants
to conduct their own research into which career paths utilize the concepts of science
and math, which helped them in determining an engineering path. Participants’ drive
to pursue engineering as a career due to their affinity for science and math courses not
only shows their interest in the subject matter but also a level of critical reasoning
around their competency and performance in those subjects.
Furthermore, CEA incorporates not only the tenets of interest, competency and
performance, and recognition but also this idea of a critical element that students who
have developed CEA possess and employ (Godwin et al., 2016), including the notion
that they are able to be critical, or self-reflective, about how they operate in
engineering spaces and the greater community. The participants’ recognition of their
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interests and performance in science and math shows there could have been early
development of CEA in high school. In addition, the eight participants who expressed
an affinity for science and math courses alluded to their feelings around their academic
performance in those subjects. The understanding of and positive feelings about one’s
academic performance in certain subjects are other aspects of CEA (Godwin and
Potvin, 2015; Godwin & Potvin, 2017; Godwin et al., 2016).
As discussed, the majority of participants completed at least one AP science or
math course. In some cases, they expressed a higher skill or gift regarding science and
math, such as, Mia who stated, “I had a gift for both of them. I did well. They both
came easily to me. Maybe I have an intuition for them.” In this quote, she is
demonstrating the performance/competence piece of CEA. In addition, Mia had a
friend who suggested she take the engineering course offered at her high school. The
combination of interest, competence, and recognition of her skills in science and math
during high school may have helped develop her CEA.
Although financial rewards were cited as a motivating factor to pursue a career
in engineering, this was not discussed in the majority of interviews. Only Rosie, who
did not have a passion for math and science courses, spoke on how the financial
security of a career in engineering was a motivating factor. Rosie may demonstrate an
outlier as a student persisting in an engineering major as she has a greater affinity for
English and theology courses and communicated limited recognition experiences that
would support CEA. Although the interest and recognition aspects are not as prevalent
in Rosie’s narrative, she demonstrated academic performance and critical elements of
CEA that may explain why she has retained in the major. She further demonstrated
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self-awareness when communicating her choice of engineering versus other majors,
showing she can be critical of the field and her fit within the career.
In addition, she told a story about how she was not doing well in her college
physics course; however, rather than concentrating on how poorly she was performing,
she elected to change her mindset and concentrate on what knowledge she was
obtaining from the course. In this example, she demonstrated that she was able to be
self-reflective of her competence in a science course and could then generate a
different mindset that helped her get through the class, which demonstrates
development of her agency as an individual who could pursue engineering.
Implications for Practice
The recruitment and retention of women in engineering majors will continue to
be a priority until the gap between women and men pursuing, completing, and staying
in the profession is reduced. As engineering remains the STEM discipline that sees the
largest gender gap, especially mechanical engineering, the recruitment and retention of
women into engineering majors are essential for institutions of higher education and
engineering organizations (Corbett & Hill, 2015). This study informs the practices of
administrators and instructors in high schools and colleges in regard to increasing the
recruitment and retention of women in engineering majors and career trajectories.
As these individuals and organizations evaluate their roles in the recruitment
and retention of women in engineering majors, they should be reflective of how these
activities and opportunities help build the CEA of the students. Positive STEM-related
learning activities and opportunities before and in college can help build women’s
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CEA, which will, in return, help them retain in an engineering major (Godwin &
Potvin, 2015; Godwin & Potvin, 2017; Godwin et al., 2016; Cass et al., 2011).
High School Administrators and Teachers. This research highlighted the
importance of AP STEM coursework and career exploration for female students
identifying an affinity for science and math subjects. It has been shown that
participation in AP STEM courses increases first-year GPA and STEM degree
completion for women, minority, and first-generation students (Smith, Jagesic, Wyatt,
& Ewing, 2018). The completion of AP STEM coursework has also been shown to
increase the selection of engineering as a career choice for all students, regardless of
race and gender (Robinson, 2003). In addition, the participants demonstrated that the
completion of AP STEM coursework provided them with a foundation of skillsets and
knowledge of concepts that helped them during the difficult transition to the first year
of college. Although funding is an issue for many schools, the inclusion of AP STEM
coursework availability could help build a more robust, and better prepared, pipeline
of historically underrepresented students in engineering majors, specifically women
and minority students.
The study also indicated that women who demonstrate an affinity for science
and math are not always aware of how to apply those concepts to a profession, and
they may not always be as encouraged toward engineering courses as their male peers
(participant interviews, personal communication, May, 2019). High school teachers
may play a pivotal role in navigating these female students toward opportunities to
learn more about the engineering profession. By benefiting from such opportunities in
high school, female students may become more aware of that career path as well as
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building their CEA (Microsoft, 2018; Godwin & Potvin, 2015; Godwin & Potvin,
2017, Godwin et al., 2016).
Schools of Engineering and STEM Administrators, Faculty, and Staff. The
study results demonstrated that efforts made specifically by administrators, faculty,
and staff within STEM disciplines and the School of Engineering played a role in
women retaining in engineering majors. In regard to faculty interaction, this study
illustrated three key points: faculty noticing the unique goals or talents of women in
engineering majors was influential in their decisions to retain in their engineering
major, faculty interaction outside of engineering but still in a STEM discipline played
a role in participants’ experience as an engineering major, and female faculty were
influential in helping women in engineering majors “see” themselves in the profession
of engineering. As female STEM role models have been shown to be most effective in
retention versus recruitment efforts, it is important that women in STEM disciplines
have access to faculty who have a shared experience with them (Drury, Siy, &
Cheryan, 2011).
Additionally, faculty and staff within Schools of Engineering should make it a
priority to conduct a climate scan to determine how welcoming their environment is
for women, as well as to assess the level of stereotypic beliefs held by faculty, staff,
and students (Hill, Corbett, & St. Rose, 2010). The experiences of participants,
specifically those who communicated triggering events, demonstrate the influence
these interactions have on their experience within engineering.
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Implications for Research
This study highlighted potential areas for future research in regard to how
women’s experiences influence their decisions to stay or leave engineering majors. As
this research explored experiences in high school and college, while previous research
by Godwin and Potvin (2017) followed one student from high school to college, a
longitudinal qualitative study following women in high school to college and into their
engineering careers would be insightful to learn how their experiences throughout the
full arc of their engineering journey influence their decisions to stay or leave
engineering and how their CEA plays a role in that journey.
Additionally, it would be enlightening to compare the development of CEA,
from pre-college to college, of women who retained and did not retain in engineering
majors. The comparison of retainers and non-retainers could illuminate if there is a
specific stage in the development, or lack of development, that influences women’s
trajectory into and throughout their engineering journeys.
While this study was conducted at a university that employs women in
leadership and faculty roles within STEM, it could be helpful to see if a study of an
engineering program that does not employ as many female faculty members would
provide different results.
Another possible area for further research would be to conduct a qualitative
study exploring the experiences of women who have been in engineering careers five
to eight years after graduating as this is a time period that shows great attrition of
women in the engineering profession. It could determine how their experiences in the
profession have supported or eroded their CEA.
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Lastly, the study survey could be revised to include some of the emergent data
that resulted from the interviews. Specifically, it would be beneficial to see the
prevalence of stereotypical behaviors as well as if there is a difference between
genders and their perceptions of the social climate within a school of engineering.
Limitations
One limitation of this study was the low survey response rate for the study, as
the survey was sent to 640 students with 87 responses, or a 13.5% response rate;
therefore, it is not representative of the engineering student body, decreasing the
generalizability of the survey results to the rest of the School of Engineering
population.
Another limitation is that the data predominantly included those who retained
in an engineering major rather than those who did not. This eliminated the ability to
draw comparisons between those two groups.
As previously discussed, this study also lacks representation of
underrepresented minority and first-generation student voices as the survey and
interview participants are not indicative of these populations at the university. The
experience of a student on campus and within specific majors can be influenced by
these factors; therefore, this is a missing aspect of this study in relation to
understanding the factors for and experiences surrounding women’s retention in
engineering majors.
Conclusion
The underrepresentation of women in engineering continues to be a problem
that results in both reduced opportunities for women as well as loss of talent within a
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creative profession reliant on its ability to provide innovative solutions to societal
issues. The recruitment and retention of women in engineering majors are, thus,
important components of the solution to the gender disparity problem within the
engineering profession.
To address retention of women in engineering majors, it is essential that
practitioners consider that students’ experiences before and during college influence
the development of their CEA, which will affect their ability to retain. The factors and
experiences women discussed in this study as influencing their decisions to stay or
leave engineering majors could assist high school and college administrators and
faculty in determining ways to provide opportunities for women to develop and
strengthen their engineering identities, potentially resulting in increasing the retention
of women in engineering majors. The importance of positive and supportive faculty
and peer interaction within STEM coursework, as well as providing opportunities for
women to see female leaders in engineering spaces, cannot be underestimated in
impacting women’s retention in engineering majors.
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Appendix A Survey
Welcome to the Engineering Retention Survey
Completing a major in engineering is a challenge. What helps you get through? What
barriers do you face?
This survey about the factors that affect college students choices of a major
should take about 10 minutes. When you've finished the survey, you can enter your
name in a drawing to win one of two $50 Amazon Gift Cards or one of two $25
Amazon Gift Cards. The drawing will take place on April 26, 2019. If you respond by
APRIL 19, 2019 your name will be entered twice.
Your thoughts and experiences are extremely valuable in helping college
administrators and staff learn ways to better support students on their educational
journey as engineering majors. This survey is part of a research study by Kieran
Bennett from the University of Portland School of Education Doctoral Program. You
can find a study FAQ here: https://app.box.com/s/bk79rhx7gisfnrus03dfpvjwlze1isas
When you complete the survey, your confidential results will be saved and you
will be prompted to link to a separate site to sign up for the drawing. This means the
data collected is confidential and cannot be associated with you, even if you
choose to provide your contact information for the purposes of entering the
optional drawing.
By clicking Yes, I am consenting to be a part of this study, which involves filling
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out this short survey. I've read the information about the study and received
answers to any questions I may have.
I agree to be a part of this study, which involves filling out this short
survey, which I may stop at any time. I understand my involvement is voluntary
and confidential.
o Yes
o No
Your major and possible career path
What is your current year at the University?
o First Year
o Second Year
o Other
What is your current major?
Is your current major your original major?
o Yes
o No
What was your original major?
What were the main reasons you left your original major? (Choose all that apply)
o My professional goal changed; major no longer fit.
o Major was not what I expected.
o Parent/guardian influence
o Found a faculty mentor in another major
o Grade performance
o Found another major I liked better
o Could not balance school work load with job
o None of these reasons
o Other: ________________________________________________
Why did you choose your current major? (Choose all that apply)
o Good fit for professional goal
o I like the topics covered in the major
o Parent/guardian influence
o Found a faculty mentor in the major
o Grade performance
o I want to make a difference for others
o This major will lead to economic opportunities
o Created better balance between school and job
o None of these reasons
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o Other ________________________________________________
How likely will you stay in your current major?
o Extremely likely
o Slightly likely
o Neither likely nor unlikely
o Slightly unlikely
o Extremely unlikely
What are reasons that would make you stay in your current major? (Rank your top 3
reasons; click and drag selections to top three spots)
______ Relationships with faculty who teach in the major
______ Research activities related to major
______ Access to clubs and organizations related to major
______ Friends in major
______ Faculty mentor within the major
______ Academic performance
______ Career goals
______ Passion for subject
What are reasons that would make you leave your current major? (Rank your top 3
reasons; click and drag selections to top three spots).
______ Lack of relationships with faculty who teach in the major
______ Limited to no research activities related to major available
______ No access to clubs and organizations related to major
______ No friends or peer group in major
______ Lack of faculty mentor within the major
______ Academic performance
______ Change in career goals
______ No passion for the subject
Which response accurately represents your goal for directly after graduation?
o Attend graduate school
o Get a job
What are reasons you chose to pursue a career in an engineering field? (Choose all that
apply)
o Parent/Guardian suggestion
o Teacher advised me to
o Mentor who is in engineering
o Internship experience
o Personal research
o Financial rewards
o None
o Other ________________________________________________
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When you started at the university, how well did you know what you could do with an
engineering degree?
A moderate
A great deal A lot
A little
Not at all
amount
Knowledge of
engineering careers

o

o

o

o

o

After your first year at the university, how well did you know what you could do with
an engineering degree?
A moderate
A great deal A lot
A little
Not at all
amount
Knowledge
of
engineering
careers

o

o

o

o

Factors that influenced your college search and selection process
Why did you choose to attend the university?
Rank the top three factors . (1=most important)
______ Academic programs offered
______ Tuition
______ Scholarships
______ Athletics
______ Clubs and Organizations
______ Location
______ Family
______ Friends
______ Campus (physical buildings and amenities)
______ Faculty expertise
______ Other
Who encouraged you to attend college? (Choose all that apply)
o No one
o A parent or legal guardian
o A sibling
o An extended family member
o A friend
o A high school teacher
o A coach/club advisor
o A mentor

o
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o Other ________________________________________________
Who discouraged you to attend college? (Choose all that apply)
o No one
o A parent/legal guardian
o A sibling
o An extended family member
o A friend
o A high school teacher
o A coach/club advisor
o A mentor
o Other ________________________________________________
Who influenced your decision to pursue a career in engineering? (Choose all that apply)
o No one
o A parent/legal guardian
o A sibling
o An extended family member
o A friend
o An engineering professional
o A high school teacher
o A coach/club advisor
o A mentor
o Other ________________________________________________
Who discouraged you from pursuing a career in engineering? (Choose all that apply)
o No one
o A parent/legal guardian
o A sibling
o An extended family member
o A friend
o An engineering professional
o A high school teacher
o A coach/club advisor
o A mentor
o Other ________________________________________________
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Academic experiences and faculty interaction
Students find academic support in many ways. Please select how frequently you do these
activities (specifically within the School of Engineering and with engineering faculty):
Very
often

Often

Sometimes

Rarely

Never

I study in
groups
outside of
class

o

o

o

o

o

I attend
tutoring
sessions

o

o

o

o

o

I attend
academic
support
programs

o

o

o

o

o

I meet with
professors
during
office hours

o

o

o

o

o

I have
informal
conversatio
ns with
professors

o

o

o

o

o

Other:

o

o

o

o

o
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Please indicate your level of agreement with the following statements:

Agree

Some
what
agree

I feel comfortable
talking about
personal topics
with at least one
faculty member.

o

o

I feel comfortable
talking about my
academics with at
least one faculty
member.

o

The majority of
faculty are
supportive.

Neither
agree nor
disagree

Somewhat
disagree

Disagree

o

o

o

o

o

o

o

o

o

o

o

o

The majority of
faculty want me to
succeed.

o

o

o

o

o

The majority of
faculty are invested
in my professional
goals.

o

o

o

o

o

Campus social environment

Agree

Somewhat
agree

Neither agree
nor disagree

Somewhat
disagree

Disagree

The university
values diverse
experiences and
perspectives

o

o

o

o

o

Staff and faculty
are welcoming
to students of all
races and
cultures

o

o

o

o

o
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I see myself as
part of the
university
community

o

o

o

o

o

I am enthusiastic
about this
university

o

o

o

o

o

If asked, I would
recommend this
university to
others

o

o

o

o

o

Personal information
Did you enroll in a specialized first-year program?
o Yes
o No
o Not sure
Do you identify as a first-generation college student?
o Yes
o No
What is your gender?
o Female
o Male
o Non-binary/third gender
o Prefer to self-describe ________________________
o Prefer not to say
What is your race/ethnicity? (Please check all that apply)
o Asian
o Black/African American
o Native Hawaiian
o Pacific Islander (non-Native Hawaiian)
o Hispanic/Latino
o Native American
o White
o Prefer to self-describe _________________________
o Prefer not to say
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Appendix B Interview Questions
Interview Questions
1. Can you tell me a little about yourself?
2. What was your high school like?
3. Are there any memories that stick out as memorable about your time in high
school? Can you tell me the story around that memory?
4. What were some of your favorite subjects in high school? Can you tell me more
about why those were your favorite?
5. Can you tell me about what factors or people that influenced you to go to college?
6. How did you learn about the profession of engineering?
7. How did your high school experiences prepare you academically for college?
Specifically, tell me how you feel your high school prepared you for studying in
the sciences and math.
8. Can you tell me about your experience at the University? Socially and/or
academically.
9. During the college search process, you learn information about each school. Can
you discuss the ways in which your University has matched what you learned in
that search process and if there are any ways in which the information doesn’t
match now that you’ve been a student there?
10. As a student in an engineering major, can you tell me about a time when a
professor within the School of Engineering has influenced your experience at the
university? A time when a professor outside of School of Engineering has
influenced your experience?
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11. Can you tell me about your experiences in engineering and math courses compared
to courses outside of those departments?
12. Can you describe your experiences with clubs and activities on campus?
13. Have you experienced any barriers to your success within the School of
Engineering? Can you tell me a story or elaborate on that barrier?
14. Can you describe how finances have played a role in your college experience?
15. Can you take a moment to reflect on your time at the University, specifically a
time where you may have questioned your choice of major; what were some
experiences or events that led you to questioning your choice of major?
16. Is there anything else you’d like to add about your experience as a student at the
University and/or as a student in the School of Engineering that you think is
important for me to know in regards to what influences retention?

124

Appendix C Follow-Up Email
Thank you for completing the survey on retention of college students in
engineering majors! You are receiving this message because you clicked, “Yes, I'm
willing to be contacted for follow-up interviews” at the end of the survey.
Again, my name is Kieran Bennett, and I am a doctoral student at the
University of Portland studying the retention of historically underrepresented college
students in engineering majors. You can find a study FAQ here:
https://app.box.com/s/bk79rhx7gisfnrus03dfpvjwlze1isas
How to participate? Participation involves one semi-structured interview that will
last about 45 minutes to an hour. The interviews can happen in-person, by phone, or
virtually (Skype/Google Chat/Zoom, etc.) anytime in the month of May. I’ll be
asking you about how you decided to become an engineering major, what types of
experiences you’ve had that led you to stay or leave the major, and what types of
support made or would have made a difference for you. After the interview, I’ll ask
you to read the interview transcription to make sure I’ve accurately represented your
point of view. A pseudonym, not your real name, will be utilized in the dissertation to
preserve anonymity.
Will you receive anything for your time? Each participant who completes the
interviews for the study will receive a $25 Amazon gift card.
What will happen next? Please complete this short form:
https://uportland.qualtrics.com/jfe/form/SV_23KjJoDgSKBU2a1 by Monday, May 6th.
I will review the forms and select approximately 15 volunteers to participate in the
interview portion of the study. I will send a confirmation message that includes the
date, time, and method of interview to those selected to interview, as well as, the
interview consent form that must be reviewed and signed prior to the interview.
I look forward to learning more about you and your experiences!
Best wishesKieran Bennett
xxx.xxx.xxxx | bennekie19@up.edu
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Appendix D Consent Form
Interview Consent Form
You are invited to participate in a research study conducted by Kieran Bennett
as part of the University of Portland School of Education doctoral program. This study
examines the retention of historically underrepresented college students in engineering
majors. You were identified to receive this form because you voluntarily submitted
your information to participate.
If you decide to participate, you will meet with me one time for a semistructured interview that will last about 45 minutes to an hour. The interview can be
conducted via phone, virtual (Skype/Google Chat/Zoom, etc.), or in-person. The
method of interview (phone/virtual/in- person) will be decided upon by what is most
convenient for you, the participant. I’ll be asking you about how you decided to
become an engineering major before coming to your university, what types of
experiences you’ve had that led you to stay or leave the major, and what types of
support made or would have made a difference for you. The interviews will be audiorecorded and transcribed. When I transcribe the interviews, I’ll assign you and any
individuals you mentioned in your interview a fake name (pseudonym) and I’ll also
replace specific information that would help to identify you (place names, school
names, course names, etc) with generic descriptions so that no one can figure out who
you are. After the interview, I’ll ask you to read the documents to make sure I’ve
accurately represented your point of view. I’ll also ask you to identify any place in the
documents where you think a reader could figure out your identity, or the identity of
anyone you mention so that I can change those.
In the interview, I’ll share a list of questions with you and you will decide what
information you want to share, so I don’t believe there are any risks for you in
participating in this study. I will offer you a $25 gift card at the end of your
participation to thank you for your time. Also, sharing your experiences is likely to
benefit other students at this university and potentially at other universities by
informing program staff about how best to support historically underrepresented
college students in engineering majors. Other than the gift card, though, I cannot
guarantee that you personally will receive any benefits from this research.
Any information that is obtained in connection with this study and that can be
identified with you will remain confidential and will be disclosed only with your
permission or as required by law. The raw data--interview audio recordings--will be
kept in a folder within a password secured digital storage system until December,
2019 and then they will be destroyed. Your identity will be kept confidential. I will
assign a pseudonym that I will use in the transcript and all file names. I will keep
scanned copies of the consent letters and a key that links participants’ names to their
pseudonyms in a separate password-secured digital storage location to ensure that only
I know the link between your identity and the pseudonyms used in the transcriptions
and in the dissertation itself.
Your participation is voluntary. Your decision whether or not to participate
will not affect your relationship with the University. If you decide to participate, you
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are free to withdraw your consent and discontinue participation at any time without
penalty. You will receive a portion of the gift card amount based on the level of your
completed participation. Your status in the School of Engineering will in no way be
impacted by participating or not participating.
If you have any questions about the study, please feel free to contact me,
Kieran Bennett, by emailing bennekie19@up.edu or calling xxx.xxx.xxxx. You may
also contact my faculty advisor, Dr. Julie Kalnin at the University of Portland (503943-7886, kalnin@up.edu). If you have questions regarding your rights as a research
subject, please contact the IRB (IRB@up.edu). You will be offered a copy of this form
to keep.
Your signature indicates that you have read and understand the information
provided above, that you willingly agree to participate, that you may withdraw your
consent at any time and discontinue participation without penalty, that you will receive
a copy of this form, and that you are not waiving any legal claims.
I, _______________, understand the implications of this research project and
agree/do not agree (circle one) to participate in this study.
Signature:____________________________Date: __________________________

